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TN VIVO GENE TRANSFER METH Qng fOR WOUND HEALING 

1. INTRODUCTION 

The present invention relates to a novel in vivo method 
5 for the presentation and direct transfer of DNA encoding a 
therapeutic protein of interest into mammalian repair cells. 
The method involves implanting a matrix containing DNA of 
interest (referred to herein as a "gene activated matrix") 
into a fresh wound site. Repair cells , which normally 

10 originate in viable tissue surrounding the wound, proliferate 
and migrate into the gene activated matrix, wherein they 
encounter, take up and express the DNA. Transfected repair 
cells, therefore act, as in situ bioreactors (localized 
within the wound site) which produce agents (DNA-encoded 

15 RNAs, proteins, etc.) that heal the wound. 

The invention further relates to pharmaceutical 
compositions that may be used in the practice of the 
invention to transfer the DNA of interest. Such compositions 
include any suitable matrix in combination with the DNA of 

20 interest. 

2. BACKGROUN D* Of INVENTION 
2.1 WOUND HEALING 

Currently available wound Jhejaling therapies involve the 
25 administration pf therapeutic proteins .,. Such therapeutic 
proteins may include regulatory factors involved in the 
normal healing process such as systemic hormones, cytokines, 
growth factors and other proteins that regulate proliferation 
and differentiation of cells. Growth faictors, cytokines and 
30 hormones reported to have such wound healing capacity 
include; for example, the transforming growth factor-^ - 
superfamily (TGF-0) of proteins (Cox, ft»A. 1995, Cell 
Biology International^ 19^357-371) acidic fibroblast growth 
fafctor (FGF) (Slaving J. ^ 1995, Cell feilology International, 
35 19:431-444) , macrophage-colony stimulating .factor (M-CSF) and 
calcivun regulatory agents such as ; ; parathyr6id hormone (PTH) . 
A number of problems are associated with the use of 
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fhprappni- i n. p'rntpins f i . eL" cytokines, in Vound healing 
therapies. First, the purification and/ or -recombinant 
production of therapeutic proteins is often an expensive and 
time-consuming ^ocess. Despite bdst efforts, however, 
5 purified protein preparations are often unstable making 
.storage and use cumbersome, and protein instability can lead 
to unexpected inflammatory reactions (to -protein breakdown 
products) that are "toxic to the" host!' - 

Second, systemic delivery of -therapeutic proteins, X^&j. 

10 cytokines, can be associated with 1 ' serious unwanted side 

eff ects" in unwouiided' tissue: Due to inefficient delivery to 
specific cells knd tissues in the body, administration of 
high doses of protein are required to insure "that sufficient 
amounts of the protein reach the appropriate tissue target. 

15 Because of the short half life in the" body due to proteolytic 
degradation, the proteins must also be administered 
repeatedly which may give rise to an immune reaction to the 
therapeutic proteins. The circulation of high doses of 
therapeutic proteins is often" toxic due to pleiotrbpic 

20 effects of the administered protein, and may give rise to 

serious side effects • 

Third, exogenous delivery of recombinant proteins is 
inefficient. Attempts have b^ert made to limit the - 
administration of high levels of protein through r ' 

25 immobilization of therapeutic protein at the target site. 
However/ this therapeutic approach complicates the 
readministration of C the protein for repeated dosing. 

Fourth, for a 'variety b l f prbte ins such as membrane 
receptors, transcript ion factors arid intracellular binding 

30 proteins, biological activity is dependant on correct 

expression and localization in the cell . For marly proteins, 
correct. cellular localization occurs as the protein is post- 
.translationally modified inside the cells. Therefore, such 
proteins cannot be administered exogenoiisly in such a way as 

35 to be taken up and properly localized inside the cell. 

As these problems attest/ current recombinant protein 
therapies for wound healing are flawed, because they do not 
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present a rational method for deliv ry of exogenous proteins. 
These proteins, * i.e. cytokines, are normally produced at 
their -site of aqtion in .physiologiqal amounts and efficiently 
delivered to cell surf ac signaling receptors. 

5 ' * ■ ' ■- : *- ■■■■■ *■ -y ■ * v . ■; 

, ... - 2 . 2 GENE THERAPY 

Gene therapy ; was originally conceived of as a specific 
gene replacement therapy for correction of heritable defects 
to deliver functionally active therapeutic genes into 

10 targeted pells. Initial efforts toward somatic gene therapy 
have relied on indirect . means of introducing genes into 
tissues, .called ex vivo gene therapy, e.g. , tar 9 et *r ells are 
removed from, th? .body, transf ected or infected with vectors 
carrying recombinant genes, $nd re-implanted into the body 

15 ("autologous cell transfer") . A variety of transfection 
techniques, are currently available and used to transfer DNA 
in vitro into cells; including calcium phosphate-DNA 
precipitation, D?Ap-Dextran transf ec^ion, electroporation, 
liposome mediated DNA transfer or transduction with 

20 recombinant viral vectors;. Such ex vivo treatment protocols 

have been proposed to transfer DNA into a variety of 
different cell types including epithelial cells (U.S. Patent 
4 , 868 , 116 ^ Morgan and Mulligan WO87/002Q1; Morgan et al., 
1987, Science. 237: .1476-1479; Morgan and Mulligan, U.S. Patent 

25 No. 4,980,286), endothelial cells (W089/0534 5) , hepatocytes 
(WO89/07136,* Wolff et al...,, 1987, Proc. Natl. Acad. Sci. USA 
84:3344-3348;- Led^ey et al,.,, ,1987 Prbc. Natl. Acad. Sci. 
84:5335-5339; Wilson : and Mulligan, WO89/07136; Wilson et al., 
1990, Proc. .Natl., Aca4- ,^ci. 87:8437-8441) fibroblasts 

30 (Palmer et al. f 1987^, Proc. Natl. Acad. Sci. USA 84:1055- 
1059: Anson et al. f 1987, Mol. Biol. Med. 4 : 11-20; Rosenberg 
et al. , 1988, Science 242 : 1575-1578 ; Naughton & Naughton, 
U.S. Patent 4,963,489), lymphocytes (Anderson et al., U.S. 
Patent No. 5 , 399 , 346 : ; Blaese, . R.M. et al . , 1995, Science 

35 270:475-480) .and hematopoietic stem cells (Lini, B. et al. 
1989, Proc. Natl. Acad. Sci. USA 86:8892-8896; Anderson et 
al.. U*S. Patent No. . 5,399,346) . 

- • * * • - • 1 ^ - i. . . ^ . - ■ . • . 1 • ■ • . 
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Direct in vi vp gen '"transfer has r 1 cently been attempted 
: with~forTnulations o£ PNA trapped in liposomes ' (tied ley et al . , 
1987, J. Pediatrics ' 110:1) ; or in proWblipbsbmes that 
contain viral envelope receptor proteins' (Nieblau et al. , 
5 1983, Proc. Natl. Acad. Sci. U^S. A. 80:1068).; and DNA coupled 
to a polylysine-glycoprotein carrier ''complex In addition, 
"gene guns" have been used for gene delivery into cells 
(Australian Patent N,o r . 9068389) . It has even been speculated 
that naked DNA, or DNA associated with liposomes, can be 
10 formulated in liquid carrier solutions for injection into 
interstitial spaces for transfer of DNA into cells (Feigner, 

WO90/11092) .. >-....„ 

Perhaps one of the greatest probleihs associated with 
currently devised .gene tterapi:es/"''wttetheir- ex vivo or in vivo, 
15 is the inability to transfer DMA efficiently into a targeted 
cell population and to achieve high "level expression of the 
gene, product in vivo. Viral vectors are regarded as the 
most efficient system, and recombinant replication-defective 
viral vectors have been used to trahsdube (liAi., infect) 
20 cells both ex vivo and in vivo." Stfch vectors have included 
retroviral, adenovirus and adenb-associated and herpes viral 
vectors . . While highly efficient at gene transfer/ the major 
disadvantages associated with the use" of viral vectors 
include the inability of many" viral vectors to infect non- 
25 dividing cells; problems /'assobiated with insert ional 
mutagenesis ^. . |nf lammatory reactions to i; the' -varus and 
potential , helper ' virus production, and/or production and 
transmission of harmful virus to other human patients. 

j in addition to the low efficiency of most cell types to 
30 take up and ; express foreign DNA, many targeted cell 

populations are found in .such ioW numbers in the body that 
the efficiency of presentation of DNA to the specific 
targeted cell types \ is even further diminished . At present , 
no protocol or method, currently exists to increase the 
35 efficiency with which DNA is targeted to the targeted cell 
population, ^ , : < 
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.,■ ; , 3,. ? I, ?MMARY O f T HR INVENTION 

Th . present invention relates to a hovel iaetKod for 
specific pargeting aod^transf r of DNA 'into mammalian r pair 
cells involved in wound healing in order to express 

5 therapeutic products at the wound site. The method of the 
invention involves administering a gene activated matrix into 
a fresh wound .site in the body, iri'this setting, repair 
cells are .localized to the wound site, where they become 
transfected and eventually produce DNA-eneoded agents (RNAs, 

10 proteins,, etc. ) that enhance wound healing. 

The invention is based, in part , oh the discovery that 
repair cells, active in the wound healing process, 
proliferate,, and migrate from surrounding tissue into the area 
of the wound and, inf ltrate the gene activated matrix . The 

15 matrix acts as a scaffolding that promotes cell ingrowth, 
and, in turn, gene transfer, through the local accumulation 
of repair cells near the DMA. While in the matrix > repair 
cells are surprisingly efficient at taking up the DMA-' and 
expressing it as transiational products, "iii*./ prdfceins, or 

2 o transcriptional products , L^, aritisense and • r ibozymes . The 
transfected repair cells. then serve as local bioreactors : 
amplifying the production of the gene product in vivo. - 

n While any number of DNA sequenced can be used in the 
method , preferred DNA sequences are those that encode 

25 transiational products (i^ proteins) dr transcriptional 
products (A^JL.. antisense or ribb^ymes) that fa) promote 
tissue repair; W (b) ar^ capable of 'disrupting a disease 
process ^(thereby fallowing normal tissue healing %©•• take 

...place)-.; • ,..,.„->..., 

30 The invention .overcomes the ^ shortcomings of procedures 

; currently, us«i -f pi ' wound 'hea'fing' ^nvoivl'rig'tfte administration 
of therapeutic proteins- First, DNA, which is both stable 
and non-tPxic, can be safely administered : in h'ightdoses in 
vivo. Second,-" repeaUd/'atoinistration-'; -wh-i're' possible, is 
35 not required. .The! cells' which talced express the DNA 
provide a supply of gene' product at the site of the wound. 
Third, the invention could be practiced in a way -that 
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addresses the tempdral 'requirements 6f dosing; ' For example, 
the DNA can be present d in vectors that integrate into th 
genome of the targeted celil lit this case ,~ all 1 daughter 
cells will contain and express the transferred DNA thereby 
5 acting as a continuous source for the therapeutic' agent. * In 
contrast, non-integrating systems may be utilized wherein the 

DNA does not integrate into the genome and the gene is not 

-* • ...... 

passed on to daughter del Is. In such an ihstahce ; when the 
wound healing process is completed and tfeie genie product is no 
10 longer needed, the gene product will not be expreissed. 

The invention is demonstrated by Way of examples, which 
show that genes can be reproducibly transferred and expressed 
in a variety of wounded soft and hard tissues in Vivo. 
Specifically, it is shown that the method of the invention 
15 overcomes the problems associated with currently available 
gene therapy protocols. The method' of the 1 invention provides 
gene transfer to a suitable number of repair cells to achieve 
functional effects / ^i: e: 1 : in' 'thfe' 'absence" of any furthef 
targeting or cellular identif icatxbh 1 toy the practitioner. In 
20 vivo methods of ~ gene therapy Wquife isome form of targeting 
which very often does not work. in the iaethod of the 
invention, targeting is not a -prdblem- By analogy , the DNA 
acts much like "bait"' in : a "traf)" : the ' DNA is* encountered by 
unwitting repair cells that have proliferated and then 
25 migrated into the gene activated laatLrixT ThiesV cells, in 
turn, are surprisingly capable of taking up DNA and 
expressing it as a therapeutic agent/ ~ 

In one embodiment of the invention, the 'method of the 
invention may be used as a drug delivery "system through 
30 transfer of DNA into raamallari repair cells for the purpose 
of stimulating soft and hard tissue Repair and tissue " 
regeneration. The repair cells will be u thoste cells that 
normally arrive at the area of the wound o be treated. 
Accordingly, there is no difficulty associated with the 
35 obtaining of suitable target cells to which the present 
therapeutic c mpos it ions should tie applied. All that is 
required is the implantation of a gen activated matrix at 
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the wound site. The nature of .this biological environment is 
. such that , tt thct appropriate , repair cells will actively take up 
and express the , M baiJ:V DIIA in th absence of any further 
targeting or cellular identification by the practitioner. 
5 1 In another embodiment, the method of the invention, 
using both biological and. synthetic matrices, may be used to 
, transfer DNA > into mammalian repair cells to stimulate 
, skeletal regeneration. In a further embodiment, the method 
of the invention, using bpth biological and synthetic 
10 matrices, may, be, used to transfer DNA into mammalian cells to 
stimulate, ligament and tendon repair. The method of the 
invention may further be employed, using both biological and 
synthetic matrices .to transfer PNA into mammalian repair 
cells to stimulate skeletal muscle repair and /or blood vessel 

IS -repair. ^ , - ... ; . . r; ., , : , rV r ... 

The DNA to be .used in the practice of the invention may 
include any DNA encoding translational products (i ; e. 
proteins) or transcriptional, products (i^g^ antisense or 
ribozymes) that prjomote tissue repair of are capable of 

20 disrupting a disease, process, For example, the DNA may 

comprise genes encoding therapeutically useful proteins such 
as growth factors, cytokines,., hormones, etc. Additionally, 
the DNA may encode anti-sense or ribozyme molecules that may 
inhibit the trans.lat.ion of mHJJAs, encoding proteins that 

25 inhibit wound healing or w^ich induce inflammation. 

The DHA encoding tt>e 4 therapeutic product of interest is 
associated with, or impregnated within, a matrix to form a 
, gene activated matrix.. Once ; prepared, the gene activated 
matrix is placed within the mammal at the site of a wound. 

30 The invention is demonstrated by way of examples, 

wherein the efficient in vivo transfer and expression of 
genes into tissue undergoing repair and regeneration is 
demonstrated 



35 . 3.1 DEFINITIONS 

As used herein, the following terms will have the 
meanings indicated below. 



- 7 - 



BNSDOCID: <WO 9738729A1_L> 



WO 97/38729 PCT/US97/07301 

5 * A gene activated : ^trii : ((M)' is defined herain as any 
matrix material containing DNA- encoding a therapeutic agent 
of interest: For example, gene activated matrices ar placed 
within wound sites in the body of a mammalian host to enhance 



5 wound healing. 

A repair cell is defined herein as any cell which, as 

stimulated to migrate arid proliferate in response, to; tissue 
injury. Repair cells are a component of the wound healing 
response. Such cells include fibrbblasts; capillary 
10 endothelial cells, capillary pericytes, mononuclear 
' inflammatory cells, segmented" inflammatory cells ana 

granulation tissue ceils. 

A wound site is def ined as any location in the host that 
arises from traumatic tissue injury/ or alternatively, .from 
1 5 ; tissue damage either induced by, or resulting, from, surgical 



.1 <. 



4 . h^iPTTOM OF THF DRAWINGS 

FIG 1A *' Fembral osteotomy Model of Fibrous Nonunion . 
20 A 5mm osteotomy was" created surgically in the femurs of . adult 
retired male breeder sprague-bawley rats. Gaps shown; here 
are representative of the entire control group, with 
* mammalian hosts ^ receiving either ah osteotomy alone (n-3) , an 
osteotomy plus a coiiagek sponge ^ ^=10) or and osteotomy plus 
25 a collagen sponge containing a control (marker gene) plasmid 
DNA tn-23.) . A plain x^ray ~xii» f showing a control rat femur 
immediately after surgery. ^ gap was stabilized by an 
external: fixator consisting of O piate and 4 pins. The skm 
incision was closed by metal clips. ' - 
30 .FIG. IB Vplain x^ay film showing a' -control rat femur 

: osteotomy 9 weeks after 'surgery . Rounded surgical margins 
(arrows) are due to a reactive bone fetation and are 
' consistent with the class icair radiographic appearance of 

nonunion fracture. ' " " . 

35 FIG. 1C. Histoiogy section of gap tissue 3 weeks post- 

surgery showing prdlif elating repair fibroblasts and 
capillaries embedded In an edematous extracellular matrix. 
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Also present- is ^a-fe^a Inflammatory infiltrate consisting of 

lymphocytes. rand macrophages., - , ....... , 

FIGi im, - Histology secti n from a 9 week control gap 
showing" dense .fibrous tissue. . lcm=20 ftm (C and D) . „ ' 
5 FIG. 2. Schematic diagram, of the pGAMl construct 

encoding mouse BMP^4. The position of the CMV promoter, BMP- 
-4 coding sequence, HA. epitope, .'and bovine growth hormone 
poiyadenylation* signal are shown,. , . 

FIG. 3A. BMP-4 expression by repair fibroblasts; 
10 Plasmid-encoded BMPt4 expression was detected in Bouins- 

fixed, demineralized,,. paraffin-embedded tissue sections using 
the anti-HA antibody and immunoperoxide method 4 weeks post- 
■ implantation of a gene activated, matrix containing ' pGAMl 
plasmid DNA. Arrows point to examples of positive (red- 
15 brown) staining qf fibroblast, cytoplasm (microgrkph on upper 
left) . These cells were identified as fibroblasts based on 
spindled morphology, growth in fascicle, and positive 
immunostaining for type I, procollagen (not shown) . Serial 
sections incubated with rabbit pre-immune serum or without 
20 the first antibody were nega^ye. Negative results were also 
obtained with sham-operat:ed,, controls (col iageh sponge alone) 
incubated with the ant i-HA.,11 antibody (micrograph on upper 
right) . .False positive staining of macrophages, osteoclasts, 
and osteoblasts was cpnsvis^ntly "observed in control sections 
25 incubated with the, HA .11 antibody. An island of newly formed 
-« bone 3 weeks following- pGAMl transfer is shown in the 
micrograph . at- bottom, lef t . New. bone is associated with 
formation of granulation tissue. High power View of newly 
formed bone is shown, in the micrograph at bottom, right. 
30 Arrows point, to presumptive^ 'osteoblasts on the surface of new 
bone trabecular. ; Gap tissues were stained using Hematoxylin 
and eosin (upper micrograph ,' or with Gomor i trichrome method 
(collagen-rich tissues; appear green, lower micrographs) . 
lcm = 20 mm (upper micrographs). 
3S FIG.- 3B. Plain, film, radiographs of the animal (23 weeks 

post-operative ly) . In the plain, film radiograph (left) , the 
arrow indicates the approximate position of the osteotomy 
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gap, which is 'filled Vith°r<i£id-^nse tissues Not that the 
ext rnal fixator has been retooved. 'As ihdi ^ cate<^ , by the 
vari gated pattern, bon remodeling* is' taking place. 
Arrowheads point to defects in bone adjacent to th gap (a 
5 consequence of pin placement) • The two distal pin sites were 
completely healed at this^time (not shown) . The whole mount 
photograph (right) presents a Gomori trichrofiie-stained tissue 
section from the gap of the animal shown (following 
sacrifice). Arrow points to the gap, "which is how surfaced 

10 by well-integrated cortical bone. Circular defects in narrow 
space (either space of the gap) ' result from'*' placement of 
innermost fixator" pins. Tissue disruption at bottom of 
micrograph is an artifact of specimen handling. 

FIG. 4A. Schematic diagram of the pGAM2 construct 

15 encoding human PTHi^34. The pdisitibhof an upstream long 
terminal repeat that drives PTH1-34 expression (ar irow) , "the 

PTH1-34 coding sequence, the SV40 promoter that drives neo 

-....<-'-. - ■ . . . -* ■ - 

expression (arrow), the neo coding sequence, pBR sequences, 
and the downstream long terminal repeat are shown. 
20 TIG. 4B. PTH1-34 gene transfer and Expression drives 

hew bone formation in Viv6. Plain if iiiri radiograph showing 
new bone bridging of a 5 mm osteotomy gap 9 weeks post- 
implantation in ah "animal that received a gene' activated 
matrix containing pGAM2 plasmid DNA* Arrows point to radio- 
25 dense tissue in the gap. Results 6howh- here aire 

representative of experiments With* one 'additional animal'. 

FIG. 5, New bone format ion ih vit^o via a two-plasmid 
GAM. (top) Plain film radiograph showing new bone bridging 
of a 5mm gap " 4 f Weeks c pbfet-impiaht.^tibri in an animal that 
30 received a gene activated inatiefix containing pGAIfl plus pGAM2 
plasmid BtitA. ' Arrbw^ 4 p6int to radx6 L densfe tissue in the gap 
(cc^fi^e^ histological!^ id be bon£) . {bottom? Plain film 
radiograph of the gap showh in phbtb at top following removal 
(5 weeks earlier ; total of 17 weeks pbst-Surgery) v of the 
35 external fixator. Arrows indicate location of the gap, which 
is filled with radio-dense tissUe except for a strip of 
undermineralized tissue near the" proximal "surgical margin. 
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As indicated by the variegated pattern, an extensive 
remodeling response is taking place. Results shown here are 
represent at iye of . , experiment.? ., with, on additional animal . 
FIG. 6. . Adenovirus-m diated Gene Transfer into Bone 
5 Repa ir /Regeneration Cel ls in yivp . The UltiraFiber™ implant 
was soaked for 6 nin.. in a splution.of thf AdCMVlacZ virus 
;(10 IO -10V plague forming units or P^J/ml) and. then implanted 
into the osteotomy site. Thp defect was allowed T to heal for 
3 weeks, during which Jtime the progress pf the wound healing 

10 response was monitored by weekly radiographic examination.. 
By three weeks,. it was $stim?rted that 40% of the. defect was 
filled with callus tissue. The mammalia^ host was sacrificed 
and tissues were .fixed in Bouins fixation and then 
demineralizedv for 7 days using standard formic acid- 

15 solutions. Photomicrographs */ere taken, from transverse 
sections of new .bone (callus) that formed in the osteptomy 
site 3 weeks after surgery. Panel at top left: Note the_ 
positive (r;ed) 0-gal cytoplasmic, staining of . callus tissue 
cells from the, UltraFiber™ adenovirus; implant^ This result 

20 indicates that cell surface receptors that mediate infection, 
. .and thus; viral transduction, are expressed by (at least one 
population) : callus cells during the fracture healing process. 
Panel at top left: .serial seqtion negative control stained 
with the vehicle of the 0-gal antibody pJLus cocktail pf non- 

25 specific rabbit LgG^aptibodies, Panel at bottom: : npte the 
positive (red) /Srgal nuclear staining of chondrocytes in : the 
osteotomy site, filled with UltraFib^r™. andAdRSVntlacZ. This 
result demonstrates the exquisite specificity of the anti-j8- 
gal antibody,. and conclusively demonstrates expression of the 

3.0 marker gene . product ip^ the o^teotoifiy gap. 

FJG. 7. ,pGAM2 plasmid gene transfer to repair 
fibroblasts results in newjbone growth in the rat osteotomy 
- model. Plain film radiograph showing new bone bridging of a 
5 mm gap 6 weeks post-implantation in an animal that received 

35 a gene activated matrix containing pGAMl plus pQAM2 plasmid 
DNA. Arrows point to radio-dense tissue in the gap 
(confirmed histologically to b^ bone) . 
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5 . DETAILED DESCRIPTION OF THE INVENTION 

The present: invention relates to ari i/j Vivo method for 
presentation and transfer of dWA into roaimmalian repair cells 
for the purpose of expressing therapeutic ^agents. *' The method 
5 of the invention involves implanting or placing gene 
activated matrices into a fresh wound site. 

Wound healing "is usually a coordinated, stereotyped ^ 
sequence of events that includes (a) tissue "disruption and 
loss of normal tissue architecture; (fa) cell necirdsis and 

10 hemorrhage; hemostasis (clot forinat ion) ; (c) infiltration of 
segmented and mononuclear inflammatory cell's", "with vascular 
congestion and tissue edema/ (d) dissolution -of the clot as 
well as damaged cells and tissues by mononuclear cells ; 
(macrophages) (e) formation of granulation tissue ' 

15 (fibroplasia and angiogeriesis) . This sequence of cellular 
events has been observed in wounds from all tissues ana 
organs generated in a large number of mammalian species 
(Gailet et al • , 1994, Curr. bpih. Cell, fiiol. 6:717-725) . 
Therefore, the cellular sequence described above is a - 

20 universal aspect of the repair of ail mammalian tissues. 

The invention is based on the discovery 'that repair 
cells involved in the wound healing process will niaturally 
proliferate and migrate to the site of tissue injury and 
infiltrate the gene activated matrix. Surprisingly, these 

25 repair cells, which are normally difficult to efficiently 
transf ect , e ither in vi tro or in viVo , are extremely 
efficient at taking up and expressing DNA when activated to 
proliferate by the wound healing process'. 

Taking advantage of this feature, the methods of the 

30 present invention are designed to efficiently transfer, one 
or more DNA molecules encoding therapeutic agents to the 
proliferating repair eel . The methods involve* the 
administration of a gene activated matrix ' containing DNA 
encoding trans lational products ? j . e . therapeutic proteins) 

35 or transcriptional products ( i.e. antisense or ribozyroes) 
within a mammalian host at the site of a wound. The wound 
may arise from traumatic tissue injury, oir alternativ ly, 
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from tissue damage, either indue d„ by, . ..or resulting from, 

surgical procedures., . 3 . _ . , ..... ... 

. As the proUferating repair cells migrate into and 
contact a gene activated matrix ^ they tiake up and express the 
5 DNA of interest thereby amplifying the amount of the 

therapeutic agent,, protein or RNA. The transacted" repair 
cells thereby serve as. local bioreactors producing 
therapeutic agents that influence the local repair 
environment. For, example, growth factors or cytokines 
10 : produced by the transfected repair cells, will bind and 

stimulate targeted effector celis that express cognate cell 
surface receptors , thereby stimulating and amplifying the 
cascade , of physiological events normally associated with the 

wound healing process. _ ........ : 

15 Alternatively,, the repair cells may take up and express 

DNA encoding proteins that inhibit the activity of 
antagonists . of the wound healing process. The DNA may also 
encode antisense or ribozyme. RNA molecules that may be used 
to inhibit translation, of mRNAs encoding inflammatory 

20 proteins or other ..factors that inhibit ."wound healing or cause 
excessive fibrosis... 

The, gene activated matrix of the invention can be 
transferred to the patient using a variety of techniques. 
For example, when stimulating wound healing and regeneration, 

25 the matrices are transferred directly* to the J site of the - 
wound, i.e. . the fractured bone, injured connective tissue, 
etc. For use in skin repair, the matrices wili be topically 
administered. For jqse. in organ regeneration, the matrices 
will be surgically placed in a wound: made in the organ. 

30 Since the, method of the invention" is based on the 

natural migration and proliferation of repair cells into a 
wound site,^ an£ inf iltration into the" gene activated matrix 
located at the wound site,' followed by the uptake of DNA, it 
is .understood that, the matrices must be transferred into a 

35 site in the body where the wound healing process has been 

induced , . . . , . _ 

One particularly important feature of the present 



- 13 - 



BNSDOCID: <WO 9738729A1_I_> 



1 



WO 97/38729 PCTAJS97/07301 

invention is that the repair process may be engine red to 
result in either the jforination of scat tissue 1 and/or tissue 
regeneration. For example/ the oVer xpiression of the 
therapeutic proteins at the site bf the wound, may 'result in 
5 regeneration of the injured tissue without the formation of 
scar tissue. in many instances, f or example, such as bone 
repair, such regeneration is desirable because" scar tissue is 
not optimally designed to support normal mechanical function. 
Alternatively, around' a suture it may be desirable to form 
10 scar tissue to hold inherently weak tisisue together. 

Therefore, the methods of invention^ may be used to stimulate 
wound healing either with, or withbut, the formation of scar 
tissue depending on the type and level of therapeutic protein 



15 Direct piasmid DNA transfer from a" matrix to a mammalian 

repair cell, through stimulation bf the wound healing 
process, offers a number of advantages. First, the ease of 
producing and purifying DNA constructs compares favorably 
with traditional protein production method dost. Second, 

20 matrices can act as structural scaffolds that; in knd of 
themselves, promote cell ingrowth and prblxf eration. thus, 
they facilitate the targeting of repair cells for gene 
transfer* Third, direct gene transfer may be aw advantageous 
method of drug delivery for molecules "that normally undergo 

25 complex biosynthetic processing or for receptors which must 
be properly positioned in ttie cellular membrane. These types 
of molecules would fail to work if exbgenouisly delivered to 
cells. ^ 

The present invention also relates to pharmaceutical 
30 compositions comprising 'matrices containing DNA for use xn 
wound healing. The compositions of the invention are 
generally comprised of a biocompatible, or bone compatible, 
matrix material containing DNA encoclihg a therapeutic protein 
of interest. 

35 The invention overcomes shortcomings specifically 

associated with current recombinant protein therapi s for 
wound healing applications. First, direct gene transfer is a 
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rational strategy that allows transfected cells to (a) make 
physiological amounts of therap utic protein, modified in a 
tissue- and coj^text-sp cific manner, and (b) deliver this 
protein, to the. appropriate cell surf ac signaling receptor 
5 under the appropriate circumstances. For reasons described 
above , exogenous delivery of such molecules is expected to 
associated with significant dosing and delivery problems. 

' - ' *■ - - ,,-*.,...- r . . :• '- - , „>• 

Second, repeated administration, while possible, is not 
required with gene activated matrix technology: cell uptake 

10 of DNA can be controlled precisely with well-established 
sustained release delivery technologies, or, alternatively, 
integration of transfected DNA. can be associated with long 
term recombinant protein expression. 

The method of the invention can be universally applied 

15 to wounds that involve many different cells, tissues and 
organs.; the. repair cells of granulation tissue (Gailet et 
al . , 1994 f Curr . Opin. Cell \ Biol . 6 : 717-725) are "targeted 
where the method of the invention is used. The invention i 
demonstrated herein in three animal models (dog, rat and 

20 rabbit) ar\d five tissues (bone, tendon, ligament, blood 
vessel and skeletal muscle), using three marker genes (0- 

ft '-,*'- ■'- ■ ' -: ■ *•? :■ -' * ... •< V. : ,* ; .'- *■ * - " ,- ' *- - 

galactosidase, luci f erase anc[ alkaline phosphatase) , three 
promoter systems (CMV, Rsv/ LTR and SV40) , two types of 
matr ices , (biological and synthetic) . In all instances, 

25 repair cells that migrated into the gene activated matrix 
were successfully transfected. In particular, a functional 
outcome (bone growth) has been demonstrated foiibwing gene 
transfer to repair fibroblasts of a plasmid construct 
encoding either BMP-4, which acts as a signal transducing 

30 switch for osteoblast differentiation and growth (Wozney, 
1992, Mol. Reprod. Dev. 32:160-167; Reddi, 1994, Curr. Opin 
Genet. Deve. 4:737-744) or iPTHi-34, which recruits 
osteoprqgenitor cells (Orloff, et al, 1992, Endocrinology 
131:1603-1611; Dempster et al., 1995 Endocrin Rev. 4:247- 

35 250).. . . , 
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Any biocompatible matrix material containing DNA 
encoding a th rapeutic ag jit of interest:'; such as a - 
translational product, Xei therapeutic proteirisj or. 
5 transcriptional products, il£*. ahtisense ri or ribozymes, can be 
formulated and used in accordance with the invention. ; 

The gene activated matrices of the invention may be 
derived from any biocompatible 1 material . Such materials may 
include, but are not limited to, biodegradable or hon- 
10 biodegradable materials formulated into scaffolds that 
support cell attachment and growth, powders or gels, 
Matrices may be derived from synthetic polymers or naturally 
occurring proteins such as collagen/ other extracellular 
matrix proteins, or other structural macromolecules. J * 
15 The DNA incorporated into the matrix may encode, any of, a 

variety of thera^p'euiic pro^ins depending on the envisioned 
therapeutic "use.'' such proteins May include growth factors, 
cytokines \ hormones "or any other proteins capable of 
regulating the growth, differentiation or physiological 
20 function of cells. The DNA inay "also encode aritisense or u ; 
ribozyme molecules which inhibit the translation of proteins 
that inhibit wound repair and/or induce inflammation. 

The transferred DNA need not be : integrated into the 
genome of the target cell; indeed, the use of non- integrating 
25 DNA in the gene activated matrix its the preferred embodiment 
of. the. present invention.' In this way, When ; the wound 
healing process is completed and the gene product is no 
longer needed, the gene product will not be expressed. 

Therapeutic kits containing a' biocompatible matrix and 
30 DNA form another aspect of the invention. -In some instances 
the kits will contain preformed gene activated matrices 
thereby allowing the physician, to diredtiy administer the 
matrix within the body. Alternatively, the kits may contain 
the components necessary for formation of a gene activated 
35 matrix. in such cases the physician may combine the 

components to^form the gehe activated matrices which may then 
be used therapeutical ly ' by placement Within the body . In an 
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embodiment of .the invention. th matrices may be used to coat 
surqical devices such as suture materials or implants . In 
yet an ther, embodiment .of the invention, gene acti vat d 
matrices;, may, , include ready to .us sponges , tubes , band-aids , 
5 lyophilized components, gels, patches or powders and telfa 

pads* . • • 



> 5.1.1 THE MATRIX MATERIALS 

In one aspect, of the invention, compositions are 

10 prepared in which the . DNA encoding the therapeutic agent Of 
interest is associated with or impregnated within a matrix to 
form a gene activated matrix. The matrix compositions 
function (i) to facilitate ingrowth of repair cells 
(targeting); and ,( i i ) to harbor . DNA (delivery). Once the 

15 gene activated matrix is prepared it is stored for future use 
or placed immediately ;.. at the site of the wound. 

. The type o£ matrix that may be used in the compositions, 
devices and methods of the invention is virtually limitless 
and may include both biological and synthetic matrices. The 

20 matrix will have all the features commonly associated with 
being "biocompatible?, in that it is in a^form that does not 
produce an adverse, .allergic or other untoward reaction when 
administered to a mammalian host. Such matricies may be 
formed from both. natural or synthetic materials. The 

25 matrices may be nonbiodegradable in instanced where it is 
desirable to leave permanent structures in the body; or 
biodegradable where the expression of the therapeutic protein 
is required only for, a short duration of time.' The matrices 
may take the f oxm of sponges, implants, tubes/ telfa pads, 

30-;band-aids, bandages, pads, lypphilized components, gels, 

patches, powders, or nanoparticles. In addition, matrices can 
be designed to allpw for sustained release of the DNA over 

pro longed ^periods of time* . . . 

. The choice of matrix material wlli differ according to 
35 the particular circumstances and the site of the wound that 
is to be treated. Matrices such as those described in U.S. 
Patent 5 , 270 , 300, incorporated herein by reference , may be 
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employed. Physical and chemical characteristics/ such as, 
e.g. , biocbmpatibiiity, biodegradaibiiity , \strength, rigidity, 
irit r face properties ahd even ; cosmetic appearance may be- 
considered in choosing a matrix, as is well known to those of 
5 skill in the art. •' Appropriate matr iees will both deliver the 
DNA molecule and also act as in in si tu scaf folding .through 
which mammalian repair cells may migrate.: ; 

Where the matrices ar^ to be naantained for extended 
periods of time, hbn^biodegradable matrices may be employed, 

10 such as sintered hydroxy apatite, biog4ass>: aluminates,. other 
bioceramic mdteriils aria metal materials, particularly 
titanium.- : A suitable ceramic delivery system is that 
described in U; S ; Patent 4 ; S»^; 574 incorporated herein by 
reference. The bidcerainics may be altered in composition, 

15 such as in ciiilcium-aluminat^-phosphate ; and they may be 
processed to mod-ify ' particular physical and chemical 
characteristics'; such as pore si2e, particle size, particle 
shape; arid' bibdegradability . M Polymeric matrices may. also be 
employed , including acryl ic ester polymers and lactic acid 

20 polymers , as disclosed in U.S>; Patents 4,521/909, and 
4,563,489; respectively, each incorporated herein/ by , 
reference. 1 Particular -examples of useful polymers are those 
of drthoesterS> "anhydrides, prdpy lene-cof uroarates , or a 
polymer of one or more 7-hydroxy carboxylic acid monomers, 

25 e.g. . 7-hvdr bxv auric acid (glyeolic * acid) and/or 7-hydroxy 
propionic - acid (la f ct'ic acid) v - - > 

A particularly important aspect of the present invention 
is its use in connection* with ^orthopaedic ■implants 1 and 
interfaces and artif iciWl joints , including implants 

30 themseives and' functioiiai parts of an implant; such as, e«g> , 
surgical screws, p ins/ arid the- like. In -preferred 
embodiments, it ib contemplated that the metal surface or 
surfaces of an implant or a portibh thereof , such as a 
titanium surface,' wi'11 be coated with a material, that has an 

35 affinity for 1 rivfcleic acids, most preferably; with hydroxy! 
apatite , arid 4 therf 'the cbated-metal will be further coated 
with the gerie or nucleic- acid that one- wishes to transfer . 

- 18 - 



<WO 9738729A1 I > 



WO 97/38729 PCT/US97/07301 

The available cheraicaL , groups, of the absorptive material, 
such as •! .hydroxy 1 ^apatite/, may, be: readily manipulated to . ; 
control its affinity for -nucleic -acids , as, is known to those 
of skill in the art. . . * ? 
5 ' In preferred .embodiments, it is contemplated that a 
biodegradable matrix will likely be most useful, A 
biodegradable matrix is generally defined as one that is 
capable of being reabsorbed into the. body . Potential 
biodegradable ^matrices for use in connection with the 

10 'compositions, devices and methods of this vi invent ion .include, 
for example, biodegradable and chemically defined calcium, 
sulfate, tricalciumphosphate,, hydroxy apatite, polyactic acid, 
polyanhidrides, matrices of purified proteins, and ^semi- 
purified extracellular ^matrix compositions. 

15 Other biocompatible biodegradable, polymers that may be 

used are well known in .the art and include, by way of : example 
u and not limitation^ polyesters; such as polyglycolides, 
polylactides and pQlylactic pplyglycolic aqi£ copolymer^ 
( 8 »PLGA W ) (Langer and Folkman, 1976, > Nature 263 :797-800) ,v 

20 polyethers such as .pQlycaprola v ctone ("PCLV) ; polyanhydrides; 
polyalkyl cyanoacryla^es r such as n-butyL c^anoacrylate and 
isopropyl cyanoacrylate; pplyacrylamides; poly (orthqestprs) ; 
polyphosphazenes ; polypeptides £ polyur ethanes ; and ^mixtures 

of ; such-, po lyraer s . - \ c .■;» ■ ,. .; - c ' ^ - - ~ ^ . ■ *. ** <■ c 
25 It is to be ^understood r tha£ virtually any polymer that 

is now known or that will be l^ter developed suitable for the 
sustained or controlled .release of nucleic acids, may be 
employed in the present invention . . , . 

In prpf erried: embodiments, the biocompatible , 
30 biodegradable polymer is a copolymer of glycolic acid .and 
lactic acid ("PLGA") having a proportion between the lactic 
acid/glycolic acid units ranging from about 100/0 to about 
25/75. The average molecular weight ; .( M MW") pf the polymer 
will typically range * f rom .about*. 6 , 000 to 790, 000 and 
35 preferably .from about : 30, OOjO tp c l20, 000, as determined hy 
gel-permeation chromatography .using ; com^^cially available 
polystyrene of standard; molecular weighty and have an 
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intrinsic viscosity' ranging from 0.5 to 10.5. 

The length of th period of continuous sustained or 
controlled release of nucleic acids from the matrix according 
to the invention will depend in largff part on the MW of the 
5 polymer and the composition ratio/ of lactic acid/glycolic 
acid . Generally, ' a higher ratio of lactic acid/glycolic 
acid, such as for example 75/25, will provide fon a longer 
period of controlled of sustained release of the' nucleic 
acids, whereas a' lower ratio of lactic acid/glycolic acid 

10 will provide for more rapid release "of 'the nucleic acids. 
Preferably, the Tactic aci^/glycolic acid ratio is 50/50. 

The length of period of sustained or controlled release 
is also dependent on the MW of the polymer. Generally, a 
higher MW pbiymer will provide' foiir a ' longer period of 

15 controlled or sustained release; ' In the case" of preparing, 
for example, matrices providing controlled or sustained 
release for about three months, ; when the composition ratio of 
lactic acld/giycoiic acid is 100/0, the preferable average MW 
of polymer ranges from about 7,000 to 25,000; when 90/10, 

20 from about 6,000 to 30, 000; "and when 80/ 20* from about 12,000 



to 30,000. 



Another type of biomateriai that may -be used is small 
intestinal submucosa (SIS) 1 the Sis- graft" material may be 
prepared from a segment of jejunum of adult pigs. Isolation 
25 of tissue samples may be carried wit using routine tissue 

culture techniques such as those Sffitifefcirtd in Badybak et al. , 
1989, J. Surg. lies. 47:74-80. SIS material "is .prepared by 
removal of mesenteric tisisueV ^inversion of the segment, 
followed by removal of the mucosa arid superficial submucosa 
30 by a mechanical abrasion technique 1 ; After returning., the 
segment 'to' its originarorieritatioh, the serosa and muscle 
layers are rinsed l and stored fc>r : further use. 

Another particular" example of a suitable material is 
fibrous collagen, which may lM iyophilized following 
35 extraction and partial purification from tissue and then 
sterilized". Matrices may also be prepared from tendon or 
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dermal collagen/ as may- be obtained fro^ r a variety of 
commercial sources, such as, Sigma and Collagen 

Corporation ■. -Collagen, matrices, may also be prepared as 
described in U.S. Patents 4 , 394 , 370 and 4 , 975 , 527 , each 
5 incorporated herein by reference- , _ 
In addition, lattices made, pf collagen and 
glycosaminoglycan (GAG), such as that described in Yannas & 
Burke, UsA;. Patent 4- ,505 : , 266, may be used in the practice of 
the invention. The collagen /GAG matrix may effectively serve 
10 as a support or "scaffolding" structure into which repair 
cells may migrate* , Collagen, matrix, such as those disclosed 
in Bell, U.S. Patent No.; 4 ,485,097,. may also be used as a 

matrix materials, n >,. fl , : , . , . 

-The various collagenous materials may also be in the 

IS form of mineralized collagen. .For example, the fibrous 
collagen implant material termed, UltraFiber™, as* may be 
obtained •from NorianCprp., (1025 Terra Bella Ave. , Mountain 
; View, CA, 94043) may be used, for fprmation of matrices. U.S. 
Patent 5,231,169, incorporated herein by reference, describes 

20 the preparation of mineralized collagen through the formation 
of calcium phosphate mineral under mild agitation in situ in 
the presence of dispersed collagen fibrils . Such a 
formulation may be employed in the context of delivering a 
nucleic acid segment; tp a hone tissue site. Mineralized 

25 collagen may be employed, for example, as part of gene 
•activated mtftr.4* .t^capeu^ip. K£.t .for. fracture repair. 

, At least 20: different forms of collagen have been 
identified, and each of these cpllagens may be used in the 
practice: of ithe invent ipn- For .example, collagen may be 

30 purified from hyaline cartilage,, as isolated from 

diarthrodial; joints pr growth piatesJ ^'lyp^"'!!. coilagen 
purified from, hyaline, cartilage ; is commercially available and 
. may be purchased from,., e.g. , Sigma Chemical Company, 
St.: Louis. Type- i-.cpllagen from rat tail tendon may be 

35 purchased from, e.g. f Cpllfigen Corporation. Any form of 

recombinant cqllagen : may also be emplpyed, as may be obtained 
from a collagen-expressing recombinant host cell, including 
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bact rial yeast, mammalian, and insect cells. When using 
collagen as a matrix material it may be advantage us to 
remove what is referred to as the "telopeptid n which is 
located at the end of the collagen molecule and - known to 
5 induce an inflammatory response. ; * ' 

The collagen used iri the invention may; if desired be 
supplemented with "additional minerals, such as calcium, e.g. , 
in the form of calcium phoisphkte. - Both native and 
recombinant type col lagen may be supplemented * by admixing , 
10 absorbing, or otherwise associating with, additional minerals 

' .' , ■ .......... fa ... 

in this manner. 

^* - •* * i *- ^ i . ^ - + . i 

' T f ' 4 

? ; . i/ ■* ■• .--vt - ' 

" ' T 5.1.2 l ~ THE DNA • 

15 The present methods aind 1 compositions- may employ a > 

variety of different types' of DNA molecules . * The DNA 
molecules may include genomic, cDNAs, single stranded DNA, 
double stranded t>NA, t-ripiW stranded DNA, oligonucleotides 

and' Z-DNA. • • * r r - ■ ■■ ' • 

20 The DNA molecules may code"' for a variety of* factors that 

promote wound healing including extracellular celli surface, 
and intracellular RNAs 'and prbteirisi Ekam^reis of 
extracellular proteins include growth factors,' cytokines 
therapeutic proteins, hormones and peptide fragments of 

25 hormones, inhibitors of dytoklne^ H y peptide growth and. > 
differentiation factors T , ifitetleukins > chemdkines, 
interferons, colony stimulatirig factors and angiogenic 
factors. Examples of such proteins include, but are not 
limited to, the supertamiiy of TGF-0 Molecules, including the 

30 five TGF—fi isbforms and bonfe^morphogehetic proteins (BMP), 
latent TGF-0 binding proteins, CTBP?' keratinocyte growth 
factor (KGF) ; hepatocyte growth : factor (HGF) ; platelet 
derived growth factor (PErGF) ; inWliri-like growth factor 
(IGF) ; the basic fibroblast growth factors- (FGF-lv FGF-^2 

35 etc. ), vascular endothelial growttr "if kctdr (VEGF) ; Factbr VIII 
and Factor IX; erytWropoifetirt (EPO) ; tissue plasminogen 
activator (TPA) ; actiivlns and ihhibins. Hormones which may 
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be, us d,in the ^practice of the invention include growth 
hormone (GH) and parathyroid, hormone (P^H) . Examples of 
extrac llular. proteins also, include ..the extracellular matrix 
proteins ? such as ; collag e ^aminin, and. f ibron ctin. 
S Examples of cell surface proteins include the family of cell 
adhesion molecules <e,g. .,, the. integrins, select ins, .Ig family 
members such as N-CAM and LI, and cadhe^ins) ; cytokine 
signaling receptors such as the type I and type II TGF-0 
receptors and the ,FGF receptor;, and non-signaling co- 

10 receptors such as betaglycan and syndecan. Examples of 

intracellular RNAs and proteins include the family of signal 
transducing kinases, cytoskeletal proteins such as talin and 
vinculin, cytokine binding proteins such as the family of 
latent TGF-jS binding, proteins, and nuclear trans acting 

15 proteins such as transcription factors and enhancing factors. 

The DNA molecules may also code for proteins' that block 
.pathological processes, .thereby ^llpwing the natural wound 
healing process to occur unimpeded . Examples of blocking 
factors include ribozymes that destroy RNA function and D NAs 

20 that,, for example, code for tissue inh|Mtors of enzymes that 
destroy* tissue, integrity, e.g t . .inhibitors of 
metal loproteinases associated with arthritis . 

.One, may obtain the DNA. segment encoding the protein of 
interest -using, a variety of , molecular biological techniques , 

25 genecally^own. to, thos^ ^ille^d .in ^ t art. For example, 
cDNA or genomic, libraries may /be screened using primers or 
probes with sequences based on the _Jcnoyn nucleotide 
sequences.; Polymerase chain reaction (PCR) may also be used 
to generate, the DNA - fragment encoding the protein of 

30 interest ? , Alternatively , . the DN^ fragment may be obtained 

from a commercial, source. _ £i p ( . •. 

, Genes with, sequences ..that vary; from those described in 
the literature, are, also enpompassed by the invention, so long 
as the altered or mpdified gene still encodes a protein that 
35 Junctions, to stimulate wpu/id healing, in any direct or 

indirect manner,. , These sequences include those caused by 
point mutations, those, due to the degeneracies of the genetic 
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code or naturally occurring allelic variants , and further 
modifications that hav been introduced by genetic f 
engin ering, i.e., by the hand of man/ 

Techniques for introducing changes in nucleotide" 
5 sequences that are designed to alter the functional ' 

properties of t:he encoded proteins or polypeptides iare well 
known in the art. Such inodif ic&tl&hs include the deletion, 
insertion or substitution of bases which result in changes in 
the amino acid sequence. Changes may be -made to increase the 
10 activity of an encoded protein, to increase its biological 
stability or half-iif e) to change its glycosyiation pattern, 
confer temperature sensitivity or to altfer the expression 
pattern of the protein and the like. All such modifications 
to the nucleotide sequences airfe encompassed by this 

15 invention. ^ 

The DN A encoding the trails lational or transcriptional 
products of interest may be recdmbinantly engineered into 
variety of vector "systems that provide fbr replication bf the 
DNA in large scale for the pfepkrat ion of gene activated 

20 matrices. These vectors can be designed to contain the 

r r 

necessary elements for directing the transcription and/ or 

translation of the DNA sequence taken up -by the repair cells 

at the wound in vivo. v "* ; * ' 

Vectors that may be Used i^clud^/ but -are hot limited to 
25 those derived from recombinant bacteriophage DNA, plasiiaid DNA 

or cosmid DNA. For example, piasmid vectors such as pBR322, 

pU[C 19/18 # pUC 118, 119 and' the M13 mp series* of ; vectors may 
. be used. Bacteriophage vectors may include' Xgt I'd', Xgtll, 

Xgtl8-2ji f X ZAP/ II and the EMBL" series of bacteriophage 
30 vectors. Cosmid vectors that may be' utilized ; include, 1 but 

are not limited to ^ pJbI, pCV 103 , pCV i07, pCV 103 , pTM, 

. pMCS, pNNL , pHSG2 74, COS 2 0 12 , COS203 ; pWE15 , pWE16' and the 
charomid 9 series of vectors^ Vectors that al'lbw: for the in 
vitro transcription of RNA/ such as i5P6 vectors, may also be 
35 used to produce large quantities of RNA that may be 

incorporated into matric s. Aiternatively , recombinant virus 
vectors including, but not iimitled to those derived from 
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viruses such as herpes virus, retroviruses, vaccinia viruses, 
adenoviruses, ^,adeno^associat:ed viruses .or bovine papilloma 
virus may be engin er d. 'while integrating vectors may be 
used, nonrintegrating. systems, .which do not transmit the gene 
5 product to. daughter eel is. for mwy generations are preferred 
for wound healing.- In this, way, the gene .product is 
expressed; -.euring^the ..wpund .healing Process, and as the gene 
is diluted out in progeny generations, the amount of 
expressed gene product is diminished. 
10 Methods which are well known to those skilled in the art 

can be used to, construct r express ion vectors containing the 
protein coding sequence pperatiyely associated with 
appropriate transcriptional/translational "control signals. 
These methods include in : vitro recombinant DNA techniques, 
15 and synthetic techniques. See, for example, the techniques 
described in- Sambropk, et al., 1992 , Molecular Cloning, A 
Laboratory Manual , ' Cold Spring Harbor Laboratory , N. Y . and 
Ausubel et al., 1989, Current Protocols in Molecular Biology, 
Greene Publishing Associates & Wiley^ Inter science, N. Y. 
20 s The . genes encpding..the r proteins of interest may be 
operatively associated with a variety of different 
. promoter /enhancer elements. The expression elements of these 
vectors may vary in their strength and specificities. 
Depending on the host/ vector system utilized, any one of a 
25 number of suitable, transcription and translation elements may 
be used. The promoter may be in the form of the promoter 
which, is naturally associated with the gene of interest. 
Alternatively, ,the DMA may be^ps it ioned under the control of 
a recombinant or beterolpgous promoter, i^, a promoter that 
30 is not normally associated w|th that gene. For example, 
tissue specific, promoter /enhancer elements may be used to 
regulate the expression of. the transfe^ed DNA in specific 
cell types. Examples of transcriptional control regions that 
exhibit tissue specificity which have been described and 
35 could be, used, include but are not limited to: elastase I 
gene control region which is active 'in pancreatic acinar 
cells. (Swift et.Al.., 1984, Cell 3 a!: 639-646; Ornitz'et al., 



- 25 - 



9738729A1_I_> 



WO 97/38729 PCT/US97/07301 

1986/ Cold Spring Harbor Symp, Quant:. Bibl. 50:399-409; 
MacDonald, 1987 , Hepatblo^ry J 7:42S-5iS) ; insulin gene control 
region which is activ in pancreatic b ta cells (Hanahan, 

1985, Nature 315 :115-152) ; iTOmunoglobiilin gene control region 
5 which is active in lymphoid cells (Grosschedl et al . ; 1984 , 

Cell 38:647-658; Adams et al., 1985, Nature 318:533-538; 
Alexander et al. ,1987; Mol. Cell. Bioii 7: 1436-1444) : 
albumin gene control region which is active in liver (Pinkert 
et al.,* 1987 , Genes ank bevel. 1:268-2 7 6> alpha-f etoprotein 

10 gene control region which is active in liver (Krumlauf et 

al., 1985, Mol. Cell. Biol. 5:1639-1648; Hammer et al., 1987, 
Science 235: 53-58) ; alpha-l-antitryplsih genie control region 
which is active in liver (Kelsey et al., 1987, GeneW and 
Deyel. 1:161-171) ; beta-globin gene control' region Which is 

15 active in myeloid cells (Magraro fet fcl., 1985, Nature 315: 338- 
340; Kollias et al. , 1986, Cell 46:89-94) ; myelin basic 
protein gene control region which is active in 
oligodendrocyte cells in the brain (Readhead et al ; , 1987, 
Cell 48:703-712); myosin light chaih-2 gene control region 

2a which is active in skeletal muscle (Shahi/ 1985, Nature 

314:283-286); and gonadotropic releasing hormone dfehe ' control 
region which is active in the hypothalamus (Mason et ai., 

1986, Science 234 : 1372-1378) • Promoters isolated from the 
genome of viruses that grow in mammalian cells, (e.g . / RSV, 

25 vaccinia virus 7.5K, SV40Y HSV, adenoviruses MLP, V MMTV LTR 
and CMV promoters) may be used/ as Wll as 'promoters produced 
by recombinant DNA or synthetic techniques.' ^ 

In some instances , the promoter elements may be 
constitutive or inducible promoters and ban be used under the 

30 appropriate conditions to direct high level or regulated 
expression of the gene of interest. Exp>r ess ion of genes 
under the control of constitutive pfombters does not require 
the presence of a specif ic substrate to "induce gene ' 
expression and will occur under all conditions of cell 

35 growth. In contrast, expression of genes controlled by 

inducibl promoters is responsive to the presence or absence 
of an inducing agent. 
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Specific initiation, signals are also required for 
... sufficient translation of . inserted protein coding sequences. 

These signals. include the ATG initiation codon and adjacent 
. sequences. :. In cases where the entire coding sequenc , 
5 including, the initiation, codon and adjacent sequences are 
inserted. into, the, appropriate expression vectors, no 
additional translational control signals may be needed. 
However, in cases.where only a portion of the coding sequence 
is inserted, exogenous translational control signals, 
10 including the ATG initiation codon must be provided. 

Furthermore, the initiation codon must be in phase with the 
reading frame of the protein coding sequences to ensure 
translation of the entire. insert. These exogenous 
translational control signals and initiation codons can be of 
15 a variety of , origins, both natural and synthetic. The 

efficiency and control of expresssipn may be enhanced by the 
inclusion of transcription attenuation sequences, enhancer 

elements , etq. ... ^ , ... 

In addition to DNA sequences encoding therapeutic 

20 proteins of interest, the scope of the present invention 
, includes the use of ribozymes or antisense DNA molecules that 

may be transferred into the mammalian repair cells. Such 
. ribozymes and antisense molecules may be used to inhibit the 
translation of RNA encoding proteins of genes that inhxbit a 

25 disease process or. the wound, healing process thereby allowing 
tissue repair to take place. 

The expression „of antisense RNA molecules will act to 
directly block the translation of mRNA by binding to targeted 
mRNA and preventing protein translation, the expression of 

30 .ribozymes r which are enzymatic RNA molecules capable of 

catalyzing the specific cleavage of RNA may also be used to 
block protein translation. The mechanism of ribozyme action 
involves sequence specific hybridization of the ribozyme 
molecule to compleinentary target RNA, followed by a 

35 endonucleolytic cleavage. Within the scope of the invention 
are engineered hamiDerhead motif ribozyme molecules that 
specifically and efficiently catalyze endbniic led lytic 
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cleavage of RNA sequenc s. RNA niolecules iriay be' generated by 
transcription of DNA sequ noes * ndodirig the RNA molecule. 

It is also within the iscbpie'of th invention that 
multiple genes, combined on a single genetic construct under 
5 control of" "one or more promoters^ or prepared as separate 
constructs of the same or different types may toe used. Thus, 
an almost endless combination of different genes and genetic 
constructs may be employed. Certain gene combinations may be 
designed to, or their use may otherwise result in, achieving 

10 synergistic effects on cell stimulation and regeneration, any 
and all such combinations are intended to fall within the 
scope of the present invention. Indeed, many synergistic 
effects have been described 1 in the scientific literature, so 
that one bf ordinary sill in the art would readily be able to 

15 identify likely synergistic" -gene combinations, or- even gene- 
protein combinations;. 1 ' - ; 

1.1- , r _ . . , . _ . • « . 

* , . ■ v , . i ' _ , ... 

R PREPAltATIOW OF THE GENE ACTIVA TFn MATRICES > 

In preferred embodiments, matrix or implant material is 
20 contacted with the DNA encoding a therapeutic product of 

interest by soaking the matrix material in a recombinant DNA 
stock solution': 'The" amount of -DNA, 5 ' arid the- amount of contact 
time required" for incorporation ' of the -DNA' 'into ' the matrix, 
will depend on the type of matrix ; used and 'can be readily 

25 determined by one of ordinary skill in the art without undue 
experimentation. Alternatively; the' DNA may be encapsulated 
within a matrix of synthetic" 'polymers fhfteb as, for example, 
block copolymers of polyactic-polyglycolic acid (See Langer 
and Folkman, 1976 ' Nature; 263 * 797-800 which is incorporated 

30 herein' by reference) y AgainV these parameters can be readily 
determined by one of ordinary skill in the art without undue 
experimentation. For example, the amount 6f DNA construct 
that is applied to the matrix will ! be determined considering 
various biological and° medical factors. One would take into 

35 consideration the particular gene, the matrix, the site of 
the wound, the mammalian host's ageV sex arid diet and any 
further clinical factors that' may effect wound healing such 
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as the serum lev Is. of various factors and hormones. 

, : In additional embodiments of the i invention compositions 
of both biological ; and ..synthetic,; »*trX9*e and DNA may be 
lyophilize* together to form, a dry pharmaceutical powier. 
5 The gene activated matrix may be. .rehy^rated prior to 
implantation in the body,, or, alternatively, the gene 
activated matrix may become naturally rehydrated when placed 
in the body, 

In some instances medical devices such as implants, 
10 sutures, wound dressings,, etc. may be coated with the nucleic 
acid compositions of the invention using conventional coating 
techniques as are we 11, known ; in the art. Such methods 
include, by way of example and not .. limitation, dipping the 
device in the nucleic acid composition, brushing the device 
IS with the nucleic acid, composition and /or spraying the device 
with the aerosol nucleic acid compositions of the invention. 
The devide is then dried, either at room temperature or with 
the: aid.of a drying oven, optionally aj: reduced pressure. A 
preferred method for coating sutures is provided in the 

20 examples. . t -», : . ,. , , 

« For sutures coated with, a polymeric matrix containing 

plasmid DNA , applicant? have discpyred that applying a 
coating composition. .^Btainipg^^a,' total of about . 01 to lOmg 
plasmid DNA and .preferably, about 1 to 5 mg plasmid DNA, to a 

25 70 cm length of, suture , using, about 5 to 100, preferably about 
5 to 50,. and more preferably about 15 to 30 coating 

• applications yields a therapeutically effective and uniform 

coating. . •> •.. - .! - 

.. In a particularly preferred embodiment, the invention 

36 provides coated, sutures, especially sutures coated with a 
polymeric matrix containing. nucleic acids encoding 
therapeutic proteins that stimulate wound healing In vivo. 

u i . Sutures which may be coated in accordance with the " 
methods and compositions of the present invention include any 

35 suture of natural or synthetic origin. Typical suture 
materials, include, by y way of example and not limitation, 
silk;, cotton; linen; polyolefins such as polyethylene and 
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polypropylene; polyesters such as polyethylene tier phtha late; 
homopolymers and copblym rs of hydroxy carboxy lie acid esters; 
collagen (plain or chromicized); catgut (plain or 
chromicized); and suture-substitutes such as cyanoacrylates. 
5 The sutures may take any convenient form such as braids or 
twists/ and may have a wide range of sizes as are coanaonly 
employed in the art. u r ^ r - 

The advantages of coated sutures, especially sutures 
coated with a polymeric matrix containing nucleic acids 
10 encoding therapeutic proteins that stimulate wound healing 
cover virtually every field of surgical use in "humans and 
animals. 

) - 1 5 - m 2 I USES OF THE GENE ACTIVATED MATRIX : 

15 The invention is applicable to a wide variety ? of Wound 

healing situations in human medicine. These include, but are 
not limited to , bbne repair ,~ tendon repair, ligament, repair, 
blood vessel repair, skeletal musicle repair, and skin repair. 
For example, using the gene activated matrix technology, 

20 cytokine growth factors produced' by transfected repair *cells 
will inf iuencS ^ otheir cells in the Wound, through binding of 
cell surface Signaling receptors, thereby stimulating and 
amplifying the cascade of physiological 'events normally 
associated with the process of wound healing. The end result 

25 is the augmentation of tissue repair x aiid regeneration. 

The method of thd i riven tfoh also is useful when the 
clinical goal is' to block a disease process , ^ thereby allowing 
natural tissue healing t& take place; of when the r goial is to 
replace a genetically defective protein' function. 

30 Wounds may arise" from traumatic injury, br 

alternatively, firbm tissue damage either induced by, t>r 
resulting £rom, a siirgical r ^rocedur^. f The gene activated 
matrix of the invention can be transferred to the patient 
using various techniques. For example ; ina trices can be 

35 transferred directly to the site df tife wound^ by the hand of 
the physician, either as a therapeutic imjplant or as a coated 
device (e.g., suture, stent, coated implant, etc.). Matrices 
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. can be topically.- administered , either . t as placed surgically in 
abnormal, tissue site in order to ;j treat diseased tissue some 
distance a#ay • , , »> • - * 

The process of wound healing. is n a coordinated s quence 
5 of events which includes, ^emorrliage, clot , r formation, 

dissolution pf the : clot with concurrent removal of damaged 
tissue, and deposition of granulation : f;ssue as initial 
repair material. The granulation tissue is a mixture of 
fibroblasts and capillary blood vessels. The wound healing 

10 process involves diverse cell populations including 

endothelial cells, stein ce lis, macrophages and fibroblasts. 
The regulatory factors involved in wound repair are known to 
include systemic hormones , cytokines, growth factors, 
extracellular matrix proteins and. other proteins that 

15 regulate .growth and differentiation. 

; .h The DNA transfer methods and matrix coinpqs it ions of the 
present invention will have a wide range of applications as a 
drug. delivery method for stimulating tissue repair and 
regeneration in a variety of different types of tissues. 

20 These include but are not limited to bone repair, skin 
repair, connective tissue repair, organ regeneration, or 
regulation of .vasculpgen^sis ; and^ The use of 

gene activated matrices may also be used to treat patients 
with impaired healing^capac from, .for example, 

25 the effects of aging or .diabetes. The matrices may also be 
used for treatment of wounds that heal slowly due to natural 
reasons, e.g. , in !s the elderly, and those who do not respond 
to existing therapies, such a? in thpse individuals with 
chronic skin vounds. ..... . 

30 One important feature of the present invention is that 

the formation»of .scar, tissue, at, the , site of the wound may be 
regulated by the selective use of gene activated matrices. 
The formation of scar tissue may be regulated by controlling 
the levels of therapeiitic protein expressed. In instances, 

35 such as the treatment of burns or connective tissue damage it 
is especially desirable A tp^, inhibit the , formation of scar 
tissue. 
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The methods of th present invention includ the 
— » o t ^.ntation o, ^ces cont.inin, 
DNA of interest into the host. Procedures for transplanting 
the matrices .may include surgical placement, or injection, of 
5 the matrices into the host* In instances' where £he matrices 
are to be injected, the matrices are drawn up into a syringe 
and injected into a patient at the site of the wound. 
Multiple injections may be made in the area of the wound. 
Alternatively, the matrices may be surgically placed at the 

10 site of the wound . . The amount of matrices needed to achieve 
the purpose of the present invention i.e. stimulation of 
wound repair and regeneration, is variable depending on the 
size, age and weight of the host. 

It is an essential feature of the invention that 

15 whenever a gene activated matrix is transferred to the host, 
whether by injection or surgery, that the local tissue damage 
be sufficient enough to induce the wound healing process. 
,This is a necessary prerequisite for induction of migration 
and proliferation of the targeted mammalian repair cells to 

20 the site of ,the gene activated matrix. 

Specific embodiments are described in the sections that 

follow. r 

5.3. BONE REGENERATION 

2S Bone has a substantial capacity to regenerate following 

f r acture . ^ The complex but ordered fracture repair sequence 
includes hemostasis, clot dissolution, granulation tissue 
, ingrowth, formation of a . callus, and remodeling of the callus 
to an. optimized structure (A.W. Ham. , 1930, J. Bone Joint 

30 Surg. 12, 827-844). Cells participating in this process 
include platelets, inflammatory cells, fibroblasts, 
endothelial cells, pericytes , osteoclasts, and osteogenic 
progenitors. . .Recently, several peptide growth and 
differentiation factors have been identified that appear to 

35 control cellular, events associated with bone formation arid 
repair (Erlebacher, A f ., et al.V 1995, Cell 80, 371-378) : 
Bone morphogenetic proteins (BMPs) , for example, are soluble 
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extracellular factors that control osteogenic cell fate: BMP 
qenes are normally expressed by cultured fetal osteoblasts 
(Harris , S. E J , et al . , 1994 , ' J . Bone kirtt Resi 9, 389-394) 
and by osteoblasts during mouse embryo skeletogenesis (Lyons, 
5 K.M., et al. , 1989, Genes Dev/3 f , 1657-1668; Lyons, K.M. , et 
al. r 1990, Development 190, 833-844; Jones, M.C., et al., 
1991, Development 111, 531-542) , recombinant BMP proteins 
initiate cartilage and bone progenitor cell differentiation 
CXamaguchi , . k. , , et al . , 1991 , J . Cell Biol . 113 , 681-687 } 

10, Ahrens, M. r et all , 1993, J. Bone Miri/ Res. 12 , 871-880 ; 
Gitelman, S.E. J et al. , 1994, j/ Ceil Biol. 126, 1595-1609 ; 
Rosen, V. ,. et al. , 1994, J. Cell 'Biol. 127, 1755^1766) , 1 
delivery of recombinant BMPs induce a bone formation sequence 
similar to endochondral bone formation tWozhey, J.M., ±992, 

15 Mol. Reprod. Dev. 32 , 160-167 ; Reddi, A.H. : , 1*94, Curr. Opin. 
Genet. Dev. 4, 737-744) , and BMP-4 gene' expression is 
unregulated early in the process of fracture repair (Wakase, 
T., et al. , 1994, J. Bone MiriV Res. 9, 651-659) .* osteogenic 
protein-1, a member of a family of molecules related to the 

20 BMPs (Ozkaynak, E. , et ai.", 1990, "iImbo J . 9, 2085-2093) ; r is 
capable of similar effects in vitro 'and in vivo (Sampath, 
T.K. , et all, 1992, ji Biol. Chem. 267, 20352-20362; Cook, 
S.D., et al., (1994) J. Bone Joint Surg. 76-A, 827-838). 
TGF-0 has also been shown to stimulate cartilage and bone 

25 formation in vivo (c4iitrella, m:, et al., 1994, Endocrine 
Rev. 15, 27-38? Sumner, D.R. , et al. , 1^55, J. Bone Joint 
Surg. 77A, 1135-1147) . Finally, ^arlthyVoid hormone (PTH) is 
an 84 amino acid hormone that raises the piasma knd : 
extracellular fluid Ca^ 2 concentratibh. In skeletal tissues, 

30 intermittent administration of a PTH fragment-possessing the 
structural requirements for biological activity (aa 1-34) 
produces a true anabolic effect: numerous in "vivo and in 
vitro studies provide stroiig evidence that PTH1-34 
administration in animiiis ( including tats) ' results in - ^ 

35 uncoupled, high-quality bone formation due to a combined 
inhibitory effect on osteoclast ahd stimulatory effect on 
osteogenic cells (Dempster , D".W. , et al.^ 1993; Endocrine 
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Rev. li, 69b-7d9) The PTHi-34 pe^ptid^ is known to interact 
synergistically with BMP-^, which up-r^gulate^ the expression 
of functional* cell surface PTti receptoris in differentiating 
osteoblasts in Vitro (Ahrens, M "M. /' e>t al., 1993/ J. Bone Min. 

5 Res. 12 / 871-880) V p "'" * ' ~ : '" 

As recombinant proteins, peptide growth and 
differentiation factors such as BMP arid TGF-01 represent 
promising therapeutic alternatives for fracture repair 
(Wozney, J.M. , 199^, Mol. Reprod. Dev.' '32, 160-167; Reddi, 

10 A.H., 1994, curr. Opin. Genet. Dev. 4, 737-744; Centrella, 
M. , et a 1., 1994, Endocrine Rev. 15, 27-38; siumner, b.R. , et 
al. , 1995 J. * Bone Joint Surg. 77-A, 1135-1147) ! . However , 
relatively large doses (microgram amounts) are required to 
stimulate significant new bone formation' in animals, raising 

15 the concern that future human therapies may be expensive and 
may possess an increased risk of toxicity. : 

In an embodiment of the invention, gerie activated 
matrices are surgically implanted into a 5 mm ostebmy site in 
the rat, a model of a complex, non-healing fracture in 

20 humans. The present inventors have found that gene tr^rtefer 
to repair ceils in the "osteotomy gap could be readily 

* a **v J. ► , -- - * * l -* .3 ■ *. . ^ ♦* - 6 . - 1 • i * - . * 

achieved. 

Defects in the process of bone repair and regeneration 
are associated with significant complications "in clinical 

25 orthopaedic practicie, for example, fibrouis non-union 

following bone fracture, implant interface failures and large 
allograft failures. Many complex fractures are currehtly 
treated using autografts "but this technique is Hot effective 
and is associated with complications. 

30 Naturally, any new technique designed to stimulate bone 

repair would be a valuable tool in treating bone fractures. 
A significant portion of fractured * bones are still treated by 
casting, allowing natural mechanisms to effect wound repair. 
Although there have been advances in fracture treatment in 

35 recent years, including improved devices, the development of 
new processes to stimulate, or complement, the wound r pair 
mechanisms would represent significant progr ss in this area. 
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. . The present invention may be used to transfer a bon 
growth gene to piromot; . f ractur, repair. Other important 
aspects of this technology ^include th use of gene transfer 
to treat pat nts with "w ak bon s", such as in diseases like 
5 osteoporosis; to improve poor healing which may arise for 
unknown reasons , e.g. , fibrous non-union; to promote implant 
integration and the fuhctipn of artificial joints; to 
stimulate healing of other skeletal tissues such as Achilles 
tendon; and as an adjuvant to repair large defects. 

10 Bone tissue is. known to have the capacity for repair and 

regeneration .and there is a certain understanding of the 
cellular and molecular basis of these processes. The 
initiation of ,new bone formation involves the commitment, 
clonal expansion, and differentiation of repair cells. Once 

15 initiated, bone formation is promoted by a variety of 
polypeptide growth factors. Newly formed bone is then 
maintained by a series of local and systemic growth and 
differentiation factors. 

Several bone morphogenetic protein genes have now been 

20 cloned (Wozney et al . , .1988; Rosen et ai . 1989, Connect. 

Tissue Res. ;/t 20:313:319; summarized in Alper, 1994) and this 
work has established BMPs as members of the transforming 
growth factor-j8 (TGF-/S) superfamily based on DNA sequence 
homologies. The cloning of distinct BMP ^renes has led to the 

25 designation of individual BMP genes and proteins as BMP-1 

through at_least BMP-8. BMPs 2-8 are generally thought to be 
osteogenic while BMP-1 may be a more generalized morphogeny 
Shimell et al . , 1991, Cell, 67:469-481) . BMP-3 is also" 
called osteogen (Luyten et ai . , 1989, J. Biol. Chem. , 

30 264:13377-13380) and BMP-7 is also called OP-l (Ozkaynak et 
al. , 1990, EMBO J. , 9:2085-2093) . TGFs and BMPs each act on 
cells via complex, tissue-specific interactions with families 
of cell surface receptors (Roberts & Sporn, 1989, M.B. Sporn 
and A . B . Roberts, Eds. , Springer-Verlag, Heidelberg, 95 (Part 

35 1);. Aralkar et al. , 1991) . * 

Transforming growth factors (TGFs) have also been shown 
to haye. a central role in regulating tissue healing by 

■ ■ • ■* ' . * ■ • • ■ . . 
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affecting ceil 1 proliferation, gene ^expression, < and matrix 
protein synthesis (Rbbeirts & Spbrn, 1989 ^ M.-B . Sporn and A.B. 
Roberts, Ed s . , Springer-Velrlag, ^Heidelberg., -95 (Part 1) ) . 
For example; TGF-jSl and TGF>iS2 can initiate; both 
5 chondrogenesis and ! osteogenesis (Joyce et al . , 1990, .J. Cell r 
Biol. , 110: 195-2007'; T Izumi et a : l: -1992V* J » Bone Min. Res. > 
7:115-11; Jingushi et al . , 1992 J . Orthop . Res; , 8:364-371) . 

Other growth factors /hormones besides TGF and BMP can be 
used in the practice of the- invention to influence new. bone 

10 formation following fracture. For example, .fibroblast growth . 
factor injected into a rat fracturfe site (Jingushi et al 
1990) at multiple high doses (1.0. mg/50 ml) resulted in a 
significant" increase- in cartilage tissue in the fracture gap, 
while lower doses had no effect. ^ 

15 Calcium regulating hbnnones such -as parathyroid hormone 

(PTH) may also be used in one aspect of the inventions .., r -l*TH 
is an 84 amino acid calcium-regulated "hormone whose principal 
functibh is to raise Ca rt concentration- in plasma and 
extracellular f luid Intact PTH was also shown, to stimulate 

20 bone reabsorption in organ culture dver 30 years ago, and the 
hormone is' known to increase the riumBer arid activity of 
osteoclasts. Studies with the native hormone* and with; 
syrithetic peptides have denionstrated that the amino; terminus 
of the molecule {aa^-l"-34) : coritairis c the structural 

25 requirements for biblbgical activity (Tregear et al\ , 1973; 
Hermann-Erlee et al . , 1976 ; , Endocrine Research V : 
Coimunications, 3:21-33; Riond, i993> Clin. Sci. y 85:223r 

, r 

228)"'. * • - ; : u * ; ■■■^ " / i.-j.tj. " : .^n, . L ■; ,■ ^ 

In an embodiment of tlie invention the^ gene activated 
30 matrices are surgically implanted into the site of the bone 
fracture* Such surgical procedures may include direct 
injectidh of a GAM preparation into ; the fracture site, the 
surgical repair of a complex fracture; or arthroscopic 
surgery. In instances where 'the gene activated matrices are 
35 being used to f-efjiafr fractured bone, the mammalian repair 
cells will natural iy migrate ^ind proliferate at : : the. site of 
bone damage.'" 
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The present Inven tors -have surprisingly found that gene 
-transfer into repair .cells in the regenerating tissue in the 
ost btomy gap could be readily achieved. Currently, the 
preferred methods for achi ving gen transfer genef ally 
5 involve using a f ibrous collagen , implant material soaked , in a 
solution of DNA, shortly before being placed in the site in 
which one desires to; promote bpne growth, or using a 
preparation of plasmid DNA encapsulated A in a synthetic matrix 
such as a block copolymer of, PLGA. . As the studies presented 

10 herein show, the implant, material f acilitates the targeted 
uptake of exogenous plasmid constructs, by j cells in the 
osteotomy gap, which- clearly participate in bone 
regeneration /repair. The transgenes, following cellular 
uptake, direct the expression of recombinant polypeptides, as 

15 evidenced by the in vi vo express ion ; of functional marker gene 

products. ->-j - . >. ■■■ t- j* ■ . 

-Further ; studies, are presented herein demonstrating that 
the transfer of an osteotropic, gene results, in cellular > 
expression of a recombinant osteotropic mplepple, which, 

20 expression is: directly associated with stimulation of. new 
bone formation.; Specifically, a gene, transfer vector coding 
for BMP^4 and a gene r transfer vector encoding, a fragment of 
human PTH1-34, alone and. in combination, will stimulate new 
bone formation. After considering a relatively large number 

25 of candidate .genes, -a gene transfer vector coding for a 
fragment of human parathyro id hormone , hP$Hl-34, will 
stimulate new bone formulation, in Sprague^Dawley rats,; 
indicating that the human peptide can efficiently bind the 
PTH/PTHrP receptor on : the .rat • osteoblast I f cell s\ir£ ace. 



30 



. ; * - ; SOFT TISSUES . ... 

The present invention may. al^o, be use^ /to stimulate the 
growth or regeneration; of soft tissues such as ligament, 
tendon, cartilage and sjcip. . Skeletal .connective tissue 
35 damage due to traumatic injury , may be treated using matrices 
containing genes encoding^ a variety o£ growth factors. 
Conn ctive tissue normally consists of cells and. 
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extracellular matrix origranized: iifi a characteristic tissu 



architecture. Tissue wounding can disrupt this architectur 
and stimulate a wound healing response. Th in thods of the 



*•" A" 



present invention are particularly well suited fbr 
5 stimulation of growth and regeneration of connective tissue 
as it is important that tKe injured tissue regenerate without 
the formation of scar tissue as scar tissue can interfere the 
normal mechanical function of connective tissue. 

Various growth factors may be used to promote soft 

10 tissue repair. These include, but are not limited to, 

members of the TGF-0 superfamily (e.g. , TGF-0 itself ) , which 
stimulates t expression of genes coding for extracellular 
matrix proteins, and other cytokines such as EGF and PDGFv 
Examples of other genes that may be used include (a) 

15 cytokines such as the peptide growth and differentiation 
factors, interleukines, chemokihes, interferons, colony 
stimulating factors; (b) angiogenic factors such as FGF and 
VEGF; (c) extracellular matrix proteins such as collagen, 
laminin, and fibronectin; (d) the family of cell adhesion 

2 0 molecules ( e . g . , the i ntegr ins , select ins , Ig f ami ly members 
such as N— CAM and LI , and cadherinsj ; (e) cell surface 
cytokine, signaling receptors such as the type I and type II 
TGF-jj receptors and the FGF receptors ; ( f J nbri-signaling co- 
receptors such as betaglycan and syhdecan; (g> the family of 

25 signal transducing' kinases; (H) cytoskeletal proteins sucH as 
talin and vinculin; (i) cytokine binding pjfoiteiris such as the 
family of latent TGF-jS binding proteins; and (j) nuclear 
trans acting proteins such as transcription factors* 

Once formed, such matrices) ^ may then be placed in the 

30 host mammal in the area of the connective" tissue wound. The 
gene activated matrices may be injected diredtly into the 
area of connective tissue injury/ Alternatively/ surgical 
techniques/ such as arthroscbpic surgery , may 'be used to 
deliver the matrices to 'the area of the connective tissue " 

35 wound. . 

I r 

■* ' * ■ - - - * *- < . • . t .>■ r «. . j, '! i * . •- . -1 



- 38 - 



BNSDOCID: <WO 9738729A1J_> 



WQ 97/38729 



5.5. ORGAN REGENERATION 

The present invention may also be used to stimulate the 
repair and regeneration of organ tissu . Organ damage due to 
traumatic .injury, or surge^, may be treated using the 
5 methods of the present invention. In the case of liver, the 
liver may be damaged due to excessive alcohol consumption or 
due to infection with various types of infectious agents such 
as the hepatitis family of viruses. The kidney may likewise 
fail to function normally as a result of damage resulting 

10 from kidney, disease ♦ Mucous membranes of the esophagus, 
stomach or duodenum may contain ulcerations caused by acid 
and pepsin i?i gastric juices. The ulcerations may also arise 
from colonization of gastric mucosal cells with Helicobacter 
pylori bacteria. These organs and diseases serve only as 

15 examples, indeed the methods of the invention may be used to 
treat diseases, or to stimulate organ regeneration in any 
organ of the body. ^ : - 

Matrices containing DNA encoding cytokines which 
stimulate proliferation and differentiation of cells, and/or 

20. regulate tissue morphogenesis, may be transplanted to the : 

• • •. , . - t . .■ r.-.t . »• •, . n . .... • . ' ; 1 1 ?• - 1 

appropriate organ site. Such factors may include but aire not 
limited to, the transforming growth factor family of 
proteins, platelet derived growth factor (PDGF) , insulin like 
growth factor (IGF) and fibroblast growth factory (FGF) . In 
25 some instances it may be useful to express growth factors 
and/or cytokines that stimulate the proliferation of cell 
types, specif „ic 4 for a given organ^ i.e. , hepatocytes, kidney 
or cardiac cells, etc. For example, hepatocyte growth factor 
may be expressed to stimulate the wound healing process in 

■' - " \ • '• ' j * : ; s, *■ • fir ♦., • f . - 

30 „the liver. For treatment of ulcers, resulting from ^ 
Helicobacter infection, the gene activated matrices may 
contain, DNA encoding ant i-microbial proteins. 

The gene activated matrices of the invention can be 
surgically implanted ; into the organ that is to be treated. 

35 Alternatively, laproscopic surgical procedures may be 

utilized to transfer the gene activated matrices into the 
body. In cases where the treatment is in response to tissue 
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injury, the natural wound 1 htedihg^process v will stimulate the 
migration and proliferation of the repair c lis to, the 
transplanted matric s. " Alt rhativelyV where the gene 
activated matrices are transferred to organs which have not 
5 been injured, for example, where matrices are implanted to 
express therapeutic proteins hot involved in wound healing, 
the wound healing process can be stimulated" by induction of 
tissue injury • "' ~ * : 

10 5.6. REGUIATION OF ANGIOGENESIS 

The present invention may alkd be used to regulate, the 
formation and spreading of blood vessels, - or vasculogenesis 
and angiogenesis, respectively. Both these physiological 
processes play an important role in wound- healing and organ 

15 regeneration. 

Initially , at the f site* of "a wound, granulation tissue 
which is a mixture of collatgen, "matrix and blood vessels, is 
deposited and provides wound strength during tissue -repair . 
The formation of new blood vessels involves the 
20 proliferation, migration and infiltration of vascular 

endothelial cells, and is known to be regulated by. a variety 
of polypeptide growth factors . * Several polypeptides with 
endothelial cell growth promoting activity have been 
identified, including acidic and basic fibroblastic growth 
25 f actors (FGF) , vascular endothelial growth f actor • (VEGF). , and 
placental derived growth factor" (PDGF-j . - c '• s >'•' 

, To stimulate the ' formation and spreading ? of blood 
vessels, DNA encoding such grdwth' factors may be incorporated 
into matrices and these' matrices 'may be implanted into the 
30 host.. In some instances , it may be necessary to induce the 
wound healing process through tissue injury. 

It may >e desirable to inhibit the prolif eration of 
blood vessel formation, suck as in angiogenesis associated 
with the growth _pf solid tu«ors : which rely on vascularization 
35 for growth. Tumor angiogenesis may be -inhibited through the 
transfer of DNA 1 s ricoding negative inhibitors of 
angiogenesis, such' as thrombospondin or angibstatin. In 
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specific embodiments .of v the. invention , DNA encoding , for 
example,, thrpmhpsppndin or angiosta^n, may be incorporated 
into a matrix followed by the implanting of the matrix into a 
patient at. the .site. .of. the tumor , 

* 5*7., PKPATR OF THE SKIN 

., The present invention may also be used to stimulate the 
growth and repair of skin tissue. In wounds "which involve 
injury to areas of the skin, and particularly in the case of 

10 massive burns, it; is important: that the skin grow very 
/rapidly in order to prevent infections, reduce fluid loss, 
and reduce the area, of potential scarring. Skin damage 
resulting from burns , .punctures , cuts and/or abrasions may be 
treated using the >: gene activated matrices of the present 

15 invention. Skin disorders such as psoriasis, atopic 

dermatitis or s skin damage arising from fungal, bacterial and 
viral infections or treatment of f skin cancers such as 
melanoma, may also be treated, using the methods of the 

invention. : . : ....... t ,_ . 

20 Matrices containing DNA encoding cytokines which 

• : - stimulate proliferation _ and differentiation of celis of the 
skin, including central, basal stem cells, keratinocytes, 
melanoytes, Langerhans cells, and ' Merkel cells may be used to 
treat skin injuries, and. disorders, .* The gene activated 

25 matrices serve two, functions, ^he protection of the wound 
from infection and dehydration aif t supplying the DNA for 
uptake by = repair pell. s". T>e gene activated matrices of the 
invention may, include dermal patches, cadaver skin, band- 
aids , gauze pads , "collagen lattices such as those disclosed 

30 in U..S* Patent ; .4 ; , 505 ( , 26.6 ,or T ui s. Patent 4 ,485 , 097 , topical 
creams or gels. Prior ,tq th,f ^application of the matrices to 
the . wound site,, damaged, skin or devitalized tissue may be 
removed .. The DNA to ,be incorporated' into the matrices may 
.*. encode a. .variety pf , different growth factors including 

35 keratinocytergrpwth-f actor ,(KGF) or epidermal growth factor 
(EGF). DNA encoding ^1,-1 which has been shown to be a potent 
inducer of epithelial. ceU migration and proliferation as 
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part of the healing process nay also b incorporated into the 
matrices bf the invention. 



6. EXAMPLE: IMPLANT MATERIAL FOR USE 



IN BONE GENE TRANSFER 



Various iroplant materials" may be used fbr transferring 
genes into the site of bone repair and/ or regeneration in ' 
vivo. These materials are 1 soaked in- a solvit ioti containing 
the DNA or • gene that is to be "transferred to the bone 

10 regrowth site. Alternatively, DNA may be incorporated into 
the matrix as a preferred method of- making. - 

One particular- example of a suitable material is fibrous 
collagen, which may' be lyophiiized f bllbwih^ extraction and 
partial purification from tissue and then sterilised: : 

15 Another particularly preferred collagen is type fl cdllagfeli, 
with the most particularly preferred collagen being either 
recombinant- type II collagen, or mineralized type II 
collagen. Prior to placement in osteotomy sites, ; iinp v iant 
materials -are soaked -in '- : solirt Ions of DKA (or virus) urider 

20 sterile conditions-. the soaking may be for any appropriate 
and convenient period,' evg. , frdirr6 minutes iky over-night." 
The DNA (e.g., plasmid) solution will be a sterile aqueous 
solution, such as sterile : water or an 'acceptable buffer, with 
the concentration generally being abbut 0v5 - i.d mg/ml. 

25 Currently preferred plasmids are thbSe : such as pGL2 • 
( Pr omega ) , pSV4O0-gal, pAd.CMVlacZ, and ^bDNA3-. 

7. EXAMPLES " IN VWO PROTEIN DETECTION 
, , FOLLOWING ^ TRANSGENE EXPRESSION • v ... 

30 7V1. ^fl-GAIACTOSIl)ASfe- TRANSGENE j 

r Bacterial jS^galacto^idase "can be detected :; 
imiQunohistochenlidally . ^dstebtomy tissue spebimehs were fixed 
in Bouins fixative, demineralized; and then split in half 
along the longitudinal plarie One-half of each sjpeciinen was 

35 embedded 1 in paraffin for subsequent iitanurtdhistocheinical 

identif ication of the' bacterial ,v j8~gaiact6sidase protein; r " 
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For immunohistochemistry, cross-Sections (2-3 mm thick) 
were transferred to poly-L-Lysine coated microscope slides 
and fixed in acetone at 0°C for at least 20 min. Sections 
were rehydrated in PBS. Endogenous peroxidase activity was 
5 quenched by* immersion of tissue \sectipns in 0.1% hydrogen 
peroxide (in 95% methanol) at .room; temperature for 10 min, 
and quenched sect ipns . were washed 3x in PBS. In some cases, 
sectioned -calvariae were demineralized by immersion in t 4% 
EDTA , 5% - polyvinyl pyrrol idpne, and 7% sucrose, pH 7,o4; for 

10 24 h at 4?C. Demineralized sections, were washed 3x before 
application for antibodies, . Primary antibodies were used 
without dilution in : £he form; of : hybr^doma supernatant. 
Purif ied - antibodies were, applied to tissue sections at a - 
concentration of 5 mg/ml. Primary antibodies were < detected 

15 with biotinylated rabbit antimouse IgG and peroxidase 
conjugated streptavidin. (Zyroed Histastain-SPkit) . After 
peroxidase staining, sections wer,e cqunterstained with , - 
hematoxylin. ... , :v , . -. : 

..._r Bacterial /3-gal, was also detected by substrate 

20 utilization assays using commercially available Xits (e.g^^ 
Promega.) according to the : manufacturers instructions . 

V,. 7 .2 LUCIFERASE. TRANSGENE 

Lucif erase was detected , by substrate utilization assays 
25 using commercially available, kits , ,{e>g w Promega) according 
to the manufacturers? instructions » : 

.t :: f / ; _7v3v : PTH TRANSGENES 
Recombihaiife PTH r such as hPl , Hi-i34 peptide, was assayed 
30 in homogenates of : 9S^eotQmy:.igap/,^issue ff for example, using 
two commercially available radioiiOTunoassay kits according to 
...the manufacturer's protocols (Nichols Institute Diagnostics, 

San Juan Capistra.no , ; CA) . : , ; r -v i'i ■ \ < \ 

Qne kit is the Intact PTH-Parathyroid Hormone 100T Kit. 
35 This radioimmunoassay utilizes, an antibody to the carboxy - 
terminus ,. of the intact hormone, -_and. : this , is used to measure 
endogenous levels of hormone in gap osteotomy tissue. This 
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assay may be used to. establish a baseline value PTH 
expr ssion in, the rat osteotomy model." 

.. Th second, kit is a. two-site inumurioradibmetric kit for 
the measurement of rat PTH. Thisitit 'usw 'affinity purified 
5 antibodies specific for the amino terminus of the intact rat 
hormone (PTH1-34) and thus will measure endogenous PTIT 
.production as well as the recombinant protein. ' Previous- 
studies have shown Jthat these antibodies cross-react with 
human PTH and this are able to "recognize recombinant 

10 molecules in vivo... 

Values obtained with kit #1 (antibody to the carboxy 
terminus) were subtracted f rom values obtained with kit #2 • 
( antibody to the amino terminus ) to obtain' an accurate and 
sensitive measurements , The level of recombinant peptide was 

15 thus correlated with, the degree of new bone formation. 



7 .4. pyn* TRANSGENE 

BMP proteins, such; as the murine BMP-4' trarisgene peptide 
product, 'were detected /immunoh is tochemicaliy using a specific 
20 antibody that recognizes the HA epitope "(Ma jmudar et al. ,' 
1991, J. Bone and MinY Res'. 6: 869 ^-881) , such ys the 
monoclonal antibody available fromBoehringer-Hannheiffi; 
Antibodies, to BMP proteins themselves may also be used, 
antibodies, along with various immunoassay 1 methods , are 
25 described in U.S . patent 4/857 ,4 56, incorporated < herein by 



Such 



, osteotomy tissue specimens were fixed in Bouins 
fixative, demineraiized, and then split ' in half along the 
longitudinal plane, ' One-half ipeyiien--was embedded 

30 in paraffin for subsequent" immunohistodneflilcal identification 
of the recombinant murine BMP-4 molecule.' 



8. EXAMPLE : TRANSFER OF AN OSTfibTROPIC GENE^ ' " 
g fTMITTATES BOWR REG EN EfeATI ON ( p T f p ^ T>1g JW ■ VJVO 



1 "i ^ r ^ 



35 The following experiment was designed' to investigate 

wh ther ; g ne transfer pould be employ d to create transfected 
cells that const i tut ively express recombinant nPTH 1-3 4 in 
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vivo, and. whether this transgene can stimulate bone 
formation. The rate of new b ne formation was analyzed as 
follows. At necropsy thost btomy sit was carefully 
dissected f or - histomorphbmetric analysis. The A-P and M-L 
5 dimensions of the callus tissue -are measured using calipers. 
Specimens we^e then immersion fixed in Bouins fixative, 
washed in ethanoli and demineralized in buffered formic acid. 
Plastic embedding of decalcif ied material was used because of 
the superior dimensional stability of methacrylate during 
10 sample preparation and sectioning. 

Tissue blocks, were dehydrated in increasing alcohol 
concentrations and embedded. 5 mm thick sections were cut in 
the coronal, plane using a. Reichert Pbiycot microtome. 
Sections were prepared from midway" through the width of "the 
15 marrow cavity to guard against a sampling bias. Sections for 
light microscopy were stained using a modified Goldner's 
trichrome stain, to differentiate bone, osteoid, cartilage, 
, and, fibrous tissue.! sections were cover-slipped using 
Eukitt's mounting medium (Calibrated 'instruments; Ardsley , 
20 NY). Histomprphometric analyses were peribrmed under ' 
brightf ield usi^g a Nikon Optiphot Research microscope. 
Standard point count stereblogy techniques using a 10 mm x 
10 mm eyepiece : grid reticular. 

Total callus, area was measured at 125k magnification as 
25 an index of the overall intensity of the healing reaction. 
Area fractions of bone, cartilage, arid fibrous tissue were 
measured at- 2?0x magnification to examine the relative - 
contribution of each tissue to callus formation. Since the 
dimensions of the osteotomy gap reflect the baseline (time 
30 0) r a measurement of bone area at subsequent time intervals 
was used to indicate the rate of bbhe infill. Statistical 
significance was assessed using analysis of variance; with 
post-hoc comparisons between groups conducted using Tukey # s 
studentized range test , v ^. 4 ;v 
35 In the 5 mm rat osteotomy model described above, it was 

found that PTH transgene express idtt bah stimulate bone 
regeneration/ repair in live animals. This as a particularly 
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important finding as it is known that ht>THl=34 is a lhore 
powerful anabolic agent when given intermittently as opposed 
to continuously, and it is the continuous-type delivery that 
results from the gene transfer methods used' here. 



- \ 



9 . EXAMPLE : DIRECT GENE TRANSFER INTO 
- REGENERATING ^BONE VIVO ■■ * ■< 



Gene activated matrices containing mammalian 
expression plasmid DNA were implanted into large segmental 

10 gaps created in the adult male" femur. Implantation 6fT gene- 
activated matrices containing beta-galactosidase or 
luciferase plasmids led to DNA uptake and functional enzyme 
expression by repair ceils growing ihto the gap. 
Additionally, implantation of a gene activated matrix 

15 containing either bone morphogenetic protein-4 plasmid or a 
plasmid coding for a fragment of parathyroid hormone (amino 
acids 1-34) resulting in a biological response of new bone 
filling the gap. Finally., implantation of a twb-plasmid 
gene-activated matrix encoding bone morphogenetic protein-4 

20 and the parathyroid hormone fragment, which have been shown 
to act synergistically In vitro, caused hew bone to form 
faster than with either factor alone. These studies 
demonstrate that for the first time that repair eel lis in bone 
can be, genetically manipulated in vivo. While serving as a 

25 useful tool to study the biology of repair fibroblasts and 
the wound healing response, the gene activated matrix of the 
present invention also has wide therapeutic utility. 



9.1. MATERIALS AND METHODS 
30 ..9.1.1. MAMMALIAN HOST MODEL 

To create a 5 mm osteotomy, four 1.2 mm diameter 
pins were screwed into the femoral diaphysis of normal adult 
Spr^gue-Dawley rats under general anesthesia and with 
constant irrigation. A surgical template guided parallel pin 
35 placement, which was confirmed by fluorography (pins were set 
3.5 mm from the edge of the fixator place and 2 . 5 mm apart) . 

An external fixator place (30 x 10 x 5 mm) was then secured 

*■■ » 
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on the pins. External fixator plates w re fabricated with 
aluminum alloy on a CNC mill to ensure high tolerances. 
Prefabricated fasteners with associated lockwashers and 

■ - • • . ■ ■ 1 1 • »' - -• < '■ •■ * ,• j: > -» - 1 

threaded pins wer mad of stainless steel. All fixator 
5 parts were sterilized with ethylene oxide gas prior to 
surgery. 5 mm segmental defects were created at mid-shaft 
with a Hall Micro 100 oscillating saw (Zimmer Inc., Warsaw, 
IN) . Collagen sponges were placed and held in the osteotomy 
gap until surrounded by clotted blood; preliminary studies 
10 showed that this maneuver fixed the sponge with the osteotomy 
site. The skin incision was closed with staples. The 

, * h i J i' .. .. . ( • 

fixator provided the necessary stability so that the 
mammalian host's ambulation was unlimited for a several week 
period. 

15 

3 1-2- TMMUNOHISTOCHEMI STRY '\ 

Tissues were prepared for light microscopy and 
immunohistochemistry was performed as described (Wong et al., 
1992, J. Biol. Chem. 267: 5592-5598)*. Histology sections 
20 were incubated with a commercially available anti-p-gal 
antibody (1:200 dilution/ 5 Prime — — ->3 Prime) aind' with a 
commercially available ant i-HA . 11 polyclonal" antibody ( 1 : 500 
dilution. BAbCO) • 

25 9.1.3. LUCIFERASE AND B-aal ENZYME ASSAYS 

Lucif erase and j5 -gal activity was ''determined using the 
Lucif erase Assay System fPrbmega) and j3-galactosidase Enzyme 
Assay System (Promegai) according to protocols "supplied by the 
manufacturer. ; < i q , : < 

30 

9.1.4. pGAHl EXPRESSION PLASMID 
To assemble pGAMl, mRNA was prepared from day 13.5 p.c. 
CD-I mouse embryos using kit reagents and protocols (Poly AT 
Tract mRNA Isolation System i , Prbmega ) . An aliquot of mRNA 
35 was used to generate cDNA using commercial reagents (Reverse 
Transcriptase Sy st em, Pr omega ) . A full length mouse BMP-4 
cDNA coding sequence was generated by the polymerase chain 
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reaction (PCR) using the following conditions s 94 *C, 4 min. , 
1 cycle; 94°C, l min., 65°C/ 1 min. /• 72°C, I min. ,< 30 cycles; 
72°C f 8 xnin. ,1 cycle.' The sequenc of* the PCR primers was 
based on the known mouse' BMP- 4 sequence (GenBank) : upstream 
5 primer-5 1 CCATGATTCCTGGTAACCGAATG.CTG 3'; downstream primer -5 • 
CTCAGCGGCATCCGCACCCCTC 3 • • \A single PGR- product of the . 

expected size (1.3kb) was purified by agarose gel 
electrophoresis and cloned inta the TA cloning vector 
(Invitrogen) . The 5* end of the BMP-4 insert was further 

10 modified (PCR) by addition <5f a 27 nucleotide sequence that 
cocoes for the HA epitope, and the BMP-4 insert was cloned 
into the pcDNA3 expression vector (InVitrogen) . Plasmid DNA 
was prepared and sequenced (both 'strands) to ensure the 
orientation and integrity of' the BMP-4 - insert, 

15 The pGAMl plasmid was expressed using an In vitro 

transcription and translation )cit (T»T T7 Coupled 
Reticulocyte Lysate Sy stem , Pr omega ) according to protocols 
supplied by the manufacturer • Protein radiolabeling;, 
immunoprecipitatibri/ sample preparation and SDS-PAGE, 

20 autoradiography, transient transf ectiofr, and Western analysis 
were performed as described 1(Yin et al. / 1995, J. Biol. Chem. 
270:10147-10160). " r ? - ^ 

9.1.5. PGAM2 EXPRESSION PLASMID 

25 Human £arathyro^ amino 

acids preproi-34 were generated by PCRi : The sequence of the 
PCR primers was based on kn'owrf human PTH sequence (GenBank) : 
upstream primer -5 * GCGGATCCGCGAtGATA^CCTGCAAAAGACATG 3 ; 
downstream primer-5 # GCbGATCCGCGT 3'. This 

30 primer pair created BamHI sites at both ends of the PCR 

fragment. The fragment was digested with BamHI and ligated 
into a BamHI cloning site* in the PLJ retrovirus vector 
(Wilson et ai. 1992, Endocrinol . 130: 2947-2954) . - A clone 
with the insert in the coding brientat ion (pGAM2) eventually 

35 was isolated and characterized by DNA sequehde' analysis. 

To generate retroviral stocks, the tp CRIP packaging cell 
line (Wilson, J.M. , et ! al. , 1992, Endocrinology 130:2947- 
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2954) wa.s ..transacted,, with, .10Mq,pt.r»cqpbfnant vector DNA 
using the calcium- phosphate m thod, After an vernight 
incubation, culture medium (Dulbecco's Modified Eagle's 
Medium* supplemented, with, 10% fetar bovine s rum, penicillin 
5 (100 units/ml) , and streptomycin ^ 100 mg/ml) (all reagents 
from Gibco-BRli: I4f e Technplogies, Inc.), containing 
retroviridn particles, was harvested and applied to cultured 
Rat-l cells, independent clones of successfully transduced 
Rat-l cells, were, obtained bv standard, infection and selection 
10 procedures , Briefly, cultured Rat-l pells were grown to 

confluence, split 1:10, and selected in G418 (1 mg/ml. Gibco- 
BRL Life Technologies, Inc.). In some instances, antibiotic- 
resistant colonies were into, a single culture . In 
other instances, single; colonies of resistant cells were 
15 maintained; Similar methods were used to generated clones of 
Rat-l cells transduced with the BAGT. retrovirus, which 
encodes the bacterial b-rgal enzyme. - 

The hPTHi-3 4 concentration in cell culture media was 
estimated using a. commercial radioAmmunpassay kit (INS-PTH, 
20 Nichols) and according: to the .manufacturer's protocol. The 
biological activity of the peptide encoded I by pGAM2 was 
evaluated as described (McCauley, et al., 1994, Mol. Cell. 
Endocrinol. 101: 331-336). 

25 1 ^pp^ ^TTOW^' ^ y^WvATm rnLIAGRN SPONGES 

For each osteotomy, gap, £ lypphilized bovine tracheal 
collagen (lO.mg, Sigma) ,, was : *:horpughly wetted in a sterile 
solution of : o . 5^1,-. 0 mg pla.smid DlfA. and allowed to incubate 
for 1-16 hours atr; 4 prior -to implantation. 

30 '< • ' ■•• . ; -; -. .. ■ ■ v.. >-> - •- ■• ■ » . 

9.1.7. PfDTOGRAPHY . ' 

Weekly plain film, radiographs (posterior-anterior view) 
were obtained- while mammalian hosts were awake using a 
portable X-ray unit,, (GE, mode^..ip0) ... The exposure was 1/10 

35 sec at 57 kV: and ;15 ma. ...... _ - - :y r. 

9.2. RESjklS 
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9*2.1. OSTEOTOMY MODEL 

Our model system employ d a 5 mm mid-shaft osteotomy in 
the adult rat- femur. The s£eotomy gap was stabilized by a 
four-pin external^ fixator ...Wh«r«as osteotomy repair in the 
5 rat is completed by^ 9 weeks post^istirgery, the manner , of 
repair depends on the size of the gap: a 2 mm gap heals by 
bony union* but a 5 mm gap heals by f ibrous nonunion 
(Rouleau, J.P. , et al. , Trana. Orltho. Res., Soc. 20: ) . 
Controlled mammalian hosts, maintained for up to 13 weeks 

10 post-surgery confirmed .the observation that 5 mm gaps 
typically heal by fibrous, nonunion... Weekly plain film 
radiography and histology (Fig. lA-D) demonstrated that bone 
did not form in mammalian, hosts that received either a 5 mm 
osteotomy alone (n-3), a 5 mm osteotomy plus a collagen 

15 sponge (n- 10) , , : or a 5. mm .osteotomy plus a collagen sponge 
containing marker gene naked, plasmid pNA (n=23) . All 36 
control gaps healed by deposition of fibrous, tissue. Control 
femurs exhibited focal periosteal new bone formation (a 
complication .of pin placement) A focal, transient 

2 0 inf lammatory. .response (lymphocytes and macrophages ) in gap 
tissues, was also observed ppst-surge.ry . , 

• ; 9.2.2. MARKER G FMR STUDIES 

In a preliminary ifeasibilitystu^^ 

25 expression plasmid DNA~were ; successfully transferred in vivo. 
The goal was to standardize the gene activated matrix 
preparation protocol and postTopera^iye time course. A GAM 
encoding lucif erase was placed f in ;i the. osteotomy gap of one 
,rat and « gene activated matrix, encoding 0 -gal was placed in 

30 the gap. of *a- second- animal. , Three weeks later, gap 

homogenates (consisting,, a granulation J:is?sue> were prepared 
after careful dissection, of ; surrounding bone, cartilage, and 
skeletal muscle. Aliquots of each . horoogenate were evaluated 
for enzyme , expression by substrate utilization assay. The 

35 expected enzyme act iyAty, was detected in ,each homogenate 

sample. -.Posi^.ive;n 4 .r / esu? ! -t^ : wetre ,9bt ; ain ; d JLn. other experiments 
in which conditions varied (e.g., DNA dose, time to assay 

i 
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protein xpression) . 

' q". 0 '. 3 r BMP-4 GENE' ^transfer ^ ^ 
Having demonstrated that gap cells express functional - 
5 enzymes following uptake of plasmid DNA' from a matrix, we 
asked whether gene transfer could be used to modulate bone 
regeneration. We chose 'to over express BMP-4, ah 
osteoinductive factor thatP ndnbally is Cf expressed by' 
progenitor ceils during fracture repair. A r full length mouse 

10 BMP-4 CDNA was generated by PGR and ^ubcloned into the pcDNA3 
(Invitrogen) eukaryotic Expression vector (Fig. 2). To 
specifically detect recombihant proteins/ the 3 1 end of the 
BMP-4 coding sequence was modified by addition of a : 
hemagglutinin (HA) epitope. Rfecbmbinant BMP-4 was expressed 

15 from this construct' (pGAMI) using an in vitro 'transcription 
and translation protocol . Immundprecipitation studies 
established the ability of the HA epitope to be recognized by 
an anti-HA polyclonal antibody. Biosynthesis of recombinant 
BMP-4 was evaluated following transrient transfectibn of 

20 cultured 293T cells with PGAMI plasmid DNA.^ As demonstrated 
by immunoprecipitation, BMP-4 molecules" were assetiibled into 
homodimers , secreted , aVid v processed ^s expected . Taken 
together these results established that the HA-epitope was 
recognized by the anti-HA polyclonal antibody . 

25 Collagen s^ohges containing p^AMI DNA were placed in the 

gap of nine adult rats maintained for 4-24 weeks. In one 
mammalian host sacrificed 4 weeks post surgery, 
immunohistochemical studies~usirig -'the -anti-HA"' 'antibody r \ 
demonstrated PGAMI expression by repair fibroblasts within 

30 the gap. this was significant, : 'given that we; did not observe 
false positive staining" in "a 'survey^of gap tissue- from 
thirteen coritrbl mamiaalian hosts . ' Mict-badbpic* f oci of n«v/. 
bone, originating from both sufgical margin^, w&re; also ; 
observed in the 4 ; week spe6imehs a classic 

35 description of bofie formation by autoinduction (Urist, 1965, 
Science 1^0:893-8^9), these 2 foci consisted of bony plates 
surfaced by large cuboidal osteoblasts and supported by a 

. ' • 'if..'--- ':■*■■"■.', *" * 
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cellular connective tissue composed of pleomorphic spindled 
fibroblasts and capillary vessels'. In- sev^n mammalian hosts 
sacrific d 5-12 weeks p^st-siirigery, the amount of - - 
radiographic new bone steadily increased '"-( Fig- 3 A) v even 
5 though BMP-4 encoded by the transgene was not • detectable by ; 
imrounohistochemistry • Bridging', defined- as hew bone 
extending from the surgical margins across' the osteotomy gap, 
typically^ was observed by 9 weeks . A- ninth mammalian host 
survived without complication for 24 weeks post-surgery. 

10 Sufficient' new bone formed by 18 weeks to allow removal of 
€he external fixator V and the mammalian host ambulated well 
for an additional 6 weeks (Fig. 3A) . At sacrifice, the gap 
was filled with new bone undergoing active remodeling, with 
the exception of a thin strip of radiblucent tissue near the 

15 distal margin of the v gap. Given that- the mammalian host had 
successfully Ambulated without: fixations this strip was 
assumed td be 'partialis lnineraflized. Consistent' with this 
hypothesis biomechanics 1 testing" (Frarikenburg> et al., 1994, 
Trans. Ortho. Res: Soci ^ 19 :513) ; which demonstrated that the 

20 healed gap Tiad essentially the * same mechanical strength as 
the unoperated femur froni the'same roaniinalian host (6.3% 
difference, maximum torque test)* The radiographic ~ 
appearance o^ the cbhtralateral J (unoperated) f emur was 
unchanged in ail nine cases, implying' that the effects of 

25 gene transfer ""and BMP^4 ; overexpression were limited to the 
osteotomy gap. : '" v r " ,; ■ *' ■ :: " 



* ^ ; 



' 9:2.4. TRANSFER AND EXPRESSION OF A 

PIASMIP COCKTAIL - fBMP- A +. PTHl-34\ 

30 Bone regeneration ncnaally .is governed by multiple 

factors acting in a regulated sequence^ and we wonder ed , } 
therefore/ if- the expression of several r anabolic factors 
would stimulate bone formation more powerfully than a single 
factor alone: To evaluate this hypothesis, we chose to 
_ deliver a two-plasmid GAM ^encoding BMP-4 -plus a peptide 
fragm nt of parathyroid hormone (PTH) « PTH-is an 84 amino 
acid hormone that raises the : plasma and .extracellular fluid 
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Ga +2 concentration.. ; In skeletal tissues, the intermittent 
administration of, ar. PTH f ragment ppss ssing th structural 
requirements for ^iolpgical,,actiyity. (aa,. 1-34). produces a . , 
true anabolic, effect:; numerous in, vivo,, and in vitro studies 
5 provide strong evidence that ETH/1-34 administration . in 

mammalian hosts (including rats) results in uncoupled, high- 
quality- bone formation due to a combined inhibitory effect on 
osteoclasts and stimulatory effect on^ osteogenic cells 
(Dempster ,et al> , 1993 r , Endop^n Rev. 14:690-109) . The PTH 1- 

10 34 peptideus knowp to interact synergistic^lly with BMP-4, 
which up-regulates, tl\e expression of, functional cell surface 
PTH receptors in differentiating osteoblasts (Ahrens et al. , 
1993, J. Bone Min. Res. 12 : 871-?880) , 

, A cDNA fragment .encoding .human PTH1-34 was generated by 

15 PCR. To establish- its biolpgical activity, the fragment was 
subcloned into the PLJ retroviral vector (Wilson et a 1. , 
1992, Endocrine 130:2947^2954),, generating the^pGAM? 
expression plasmid (Fig. 4A) . A stock of replication- 
defective, recombinant .retrovirus was prepared and applied to 

20 Rat-I cells in culture. Independent clones of transduced 
Rat-I : cells were. obtaiijed y #nd ^tafc>le, integration and 
expression^ $>f retroviral DNA VAS demonstrated by Southern and 
Northern analyses*-' R^dioimmunQassay^ t^o establish 

the concentration of hwnan PTH 1 -34 in ^conditioned media of 

25 individual clones,* 4 ROS ,17/2 • 8 pells possess PTH cell surface 
receptors, which belong to the G protein-coupled receptor 
superfamily (Dempster et al., 1993, Endocrin. Rev. 14:690- 
709 ) . Incubation : of .ROS 1,7/2 ..ft £$11* with . aliquots of 
conditioned media - from '^ stably ^tf^hSduced cell line 

30 (secreting >2 pg/ftl Vi£ radioimmunoassay) resulted in a 2.7- 
fold increase ih ^AMP response Versus the control, m a result 
that established that the secreted ' PTHl-34: peptide was 
biologically active. 7 - ^ • i - : ;. :. 

GAMs containing ; pGAM2 plasmid DNA> alone stimulated bone 

35 GAMs containing the BM^-4 :: and PTHln34 expression; plasmid ;DNAs 
together w£re theri implanted in the osteotomy gap. of an 
additional three makmalian- htosts: -Bridging was- observed by 4 
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weeks xn all 'three mammalian hosts (one mammalian host was 
sacrificed at this time for histology) , 'and sufficient n w 
bon had formed by 12 weeks post-implantation in the 
remaining mammalian hosts to allow removal of the external 
5 fixator (Fig* 5). Both mammalian hosts are ambulating well 
at the time of publication 15 and 26 weeks post-implantation, 
respectively. Based oh plain-film radiography, the effects 
of gene transfer and over express ion again appeared to be 
limited to the osteotomy gap. 
10 Subsequent to studies using a collagen sponge, it has 

also been shown that plasmid DNA could be delivered to cells 

in a sustained manner following encapsulation within a 

■• /; ' ■ - : '* : • '.- : v ■ . .: . - ». • 

preparation of block co-polymers of polylactic-polyglycolic 

particles. The results demonstrate that cultured cells can 

15 be transfected by plasmid DNA released' from polylactic- 

polyglycolic particles. Results also indicated that repair 

fibroblasts (rat osteotomy model) in vivo will take up arid 

express plasmid DNA released from block co-polymers of 

polylactic-polyglycolic particles. Figure 7 demonstrates 

20 that repair fibroblasts (rat osteotomy model) in vivo will 

take up and express pGAM2 plasmid DNA following release from 

polylactic-polyglycolic particles. As shown "in Figure 7, 

expression of plasmid-encoded PTK1-34 is associated with 

significant new bone formation in the osteotomy gap. 

25 Taken together, these studies show that the gene 

activated matrix, technology does not depend on a collagenous 

matrix for success. Therefore, the technology is broad 

enough that it can be combined with both biological and 

synthetic matrices. 



30 



10. EXAMPLE: TRANSFER OF GENES TO REGENERATING TENDON 

AND TO R'fcS EN ERXT I N G CRUe I ATE "LIGAMENT VT VO 

There a clinical 7 neeii to stimulWtis scar for atioh 
during the rfeparr ' of Achilliss • tendon and ligaments (shoulder 
and knee) in order to enhance the mechanical competence of 
the injured tissue. A -model system has been developed in 
which segmental defects in the Achilles' 1 -tendon is created 
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and a nov 1 biomaterial, small intestinal submucosa or SIS, 
is. used as a tendon implant /molecular delivery agent. . In the 
present example/ the ability to deliver and express marker 
gene constructs into regenerating t ndon tissue using the SIS 
S graft is demonstrated. , 

10.1. MATERIALS AND METHODS 

SegmentaV defects in Achilles tendon have been created 
and a preparation of SIS has been used as a tendon 

10 implant /molecular delivery system. Plasmid (pSVogal, 

Pr omega ) stock solutions were prepared according to standard 
protocolsy(Sambrook et ai. , I98i9 7 Molecular Cloning, A 
Laboratory Manual Cold Spring Harbor Laboratory Press). SIS 
graft material was prepared from a segment of jejunum of 

15 adult pigs (Badylak et al., 1989, J. Surg. Res. 47: 74-80) . 
At harvest, mesenteric tissues were removed, this segment was 
inverted, and the mucosa and superficial submucosa were 
removed by a mechanical abrasion technique. After returning 
the segment to its original orientation, the serosa and 

20 muscle layers were rinsed, sterilized by treatment with 
dilute peracetic acid, and stored at 4°C until use. 

Mongrel dogs (all studies) were anesthetized, intubated, 
placed in right-lateral; recumbency upon a heating pad, and 
maintained with inhalant anesthesia. A lateral incision from 

25 the musculotendinous junction to the plantar fascia was used 
to expose the Achilles, tendon. A double thickness sheet of 
SIS was wrapped around a central portion of the tendon, both 
ends were sutured, a 1.5 cm segment of the tendon' was removed 
through a lateral opening in the graft material, and the 

3 0 graft and surgical site were closed. The leg wias immobilized 
for 6 weeks and then used freely for 6 weeks. Graft tissues 
were harvested; at: timefppint^ indicated below, .fixed in 
Bouins solution, and? embedded in ^paraf f in...., Tipsue sections 
(8 /xro) w.ere cut and used- for immunohistpchemist^ry . 

i. '% 10.2., RBWTS 

. In an. initial study> :SJS material t alQne (SIS-alone . 
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graft) engrafted arid promoted the regeneration of Achillas, 
tendon following the creation of a segmental defect in 
mongrel dogs as long as 6 months post surgery. The 
remodeling process involved the rapid /formation of 
5 granulation tissue and eventual degradation of the graft. 
Scar tissue did not form, and evidence of immune-mediated 
rejection was not observed, 

* ■ t ■ ~ 1 ■ ■ i • , . .... 

- * - - .. . . > ii t * 

In a second study, SIS was soaked in a plasmid DNA 
solution (SIS+plasmid graft) and subsequently implanted as an 

10 Achilles* tendon graft (n=2 dogs) or a cruciate ligament 
graft (n=2 dogs) in normal mongrel dogs. A pSVjSgal plasmid 
that employs simian virus 4 0 regulatory sequences to drive 
/J-galactosidase (jSrg.al) r activity was detectable by immuno- 
histochemistry. using a specific antibody in 4/4 mammalian 

15 hosts. As a negative controls 0-gal activity was not 
detected in the unoperated Achilles , tendon and cruciate 
ligament of these mammalian hosts. It appeared, therefore, 
that SIS facilitated the uptake and subsequent expression of 
plasmid DNA by neotendon cells in both tendon and ligament. 

20 A third study was designed to evaluate the time course v 

of jS-gal transgene expression. SIS+plasmid grafts were 
implanted for t 3, 6, .9,, and 12 weeks (n=2 dogs per time point) 
and transgene expression was assayed by immunohistochemistry . 
Cross-sections (8um). of Bouins fixed, paraffin embedded 

25 tissue were cut and, mounted on Probeon Plus slides (Fisher). 
Immunohistp-chemistry was, performed according to the protocol 
provided with the Histostain-SP kit (Zymed). In brief, 
slides were incubated with a well characterized anti-/3- 
galactosidase antibody (12:. 00 dilution, 5 Prime->3 Prime), 

30 washed in PBS, incubated with a biotinylated second antibody, 
washed, stained with .the enzyme conjugate plus a substrate- 
chromogen mixture , f and then cpunterstained with hematoxylin 
and eosin . „ 

Bacterial jS-gal activity was detected in tendons that 
35 received . the ; S^S+plasmid graft (8/8 mammalian hosts). 

Although , not .jrigorotisly, quantitative, transgene expression 
appeared to peak at 9-12 weeks. Bact rial 0-gal gene 
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expression yas not det^ct^d it) : , 3 5 .in^inmalian^ .frostg that 
received SIS-alone grafts. . . . . : , r 



11. EXAMPLE: ADENOVIRAL GENE TRANSFER INTO 
REGENERATING S6NE IN VIVO _ 



An alternative method to achieve in vivo gene transfer 
into regenerating tissue' is to "utilize an adenoviriis-mediated 
transfer event. Successful adenoviral gene transfer of a 
marker gene construct into bone repair cells in the rat 
osteotomy model has been achieved. 

11.1. MAfrttKTALS "AND 'METHODS 

Adenoviral vector pAd. CMViacZ, is an example of a 
replication-defective adenoviral vector which can replicate 
s in permissive cells (Stratford-Perricaudet et all, 1992, J. 
Clin. Invest". 90:626-630) ." In this particular vector the • 
early enhancer /promoter or the cytomegalovirus^ (CMVj is used 
to drive transcription of lacZ with'an SV40 polyadenylation 
sequence cloned downstream from the reporter gene (Davidson 

et a 1 . , 1993, Nature Genetics 3:219-223). 

pAd.RSV4 has essentially the' same backbone as 

pAdCMVlacZ, however the CMV promoter arid the single BglH 
cloning site has been replaced irf a cassette-like fashion 
with a Bglll fragment that consists of ah RS^J jpromoter / a 

„ multiple cloning site/ ihd a pdly(A + ) site. Thegreater* 
flexibility of this vector is contemplated to be useful in 
subcloning osteotropic genes/ kxxch as the hPTH 1-3 4 cDN A 
fragment, for use in further studies. 

Ah Ultra Fiber "implant was soaked for 6 minutes in a 

.. solution of AdCMV lacZ virus (iO^-lO 11 ; piaque forking units or 
PFU/mi) and then implanted into the osteotomy site. The 
defect was allowed to heal for'^' wefeks, 'during which time the 
progress of the wound healing response was monitored by 
weekly radiographic examination. By three weeks, it Was 
estimated' that 40% of the "defect was' filled^ ^ with" callus 
tissue. The mammalian host was sacrif iced \hd tissues were ■ 
fixed in Bouins fixation and then demih^ralized for 7 days 



■ i> 
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using standard formic acid, solutions,. 



_11. 2. RESULTS ; 

The results obtained conclusively demonstrated 
5 expression of the . marker gene product in chondrocyte- like 
cells of the osteotomy gap (Fig. 6) . . The nuclear^targeted 
signal has also been observed, in pre-os.teoblasts. 

12. EXAMPLE t TRANSFER OF GENES TO SKELETAL MUSCLE 

10 There is a clinical need to stimulate scar formation 

during the repair of soft /tissues besides Achilles * tendon 
and ligaments < shoulder and knee) . in order to enhance the 
mechanical competence of the .-.injured tissue- A model system 
has been developed in which incisions in adult rat skeletal 

15 muscle are made and a suture preparation coated with a 

preparation of sustained release PICA particle? and plasmid 
DNA is used as a skeletal muscle /gene delivery device* To 
demonstrate the feasibility of the coating compositions and 
methods of the invention, ^ surgiqal suture was coated with 

20 marker DNA. (encoding human. placental alkaline phosphatase) 
and used to suture rat. muscle tissue. The experiment 
demonstrates successful transfer and expression of DNA in the 
tissue repaired, with the coated suture.^ 

25 12-1. MATERIALS AND METHODS _ 

12.1.1 PREPARATION OF DNA-PLGA COATING COMPOSITION 
To 1.5 mL of a PLGA/chlorof orm solution (3% (w/v) 50/50 
polyiactic-polyglycolic acid PLGA c^-polymer, ave. MW 90,000, 
inherent viscosity 1.07). was added 0.2 mL of a solution 

30 containing marker DNA encoding human placential alkaline 
phosphatase (1 ,mg r pNA ; , ? 0 r 5 mM Tpis-EDTA, ^0.5. mM EDTA, pH 
7.3) . The solution was emulsified by vortexing, for 2 minutes 
followed by sonicating for 30 seconds at about 0°C using a 
microtip probe-type sonicator 55 Watts output, .This 

35 process yielded an emulsion that looked very, milky. 
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12.1.2 COATING A SURGICA L SUTURE 

A hole was pierced ih a piece of Teflon-coated foil 
(Norton Performance Plastic Corp, , Akron, OH) using a 22- 
gauge needle. On the hole was placed a drop (about 60 mL) of 
5 the DNAHPLGA emulsion. "A 70 cm length of 3-0 chromic suture 
(Ethicoh) was drawn through the "hole to coat the suture. As 
the suture passed through the hole it beciame coated with a 
thin (ca. 30 V*-thickJ f/ liriif orm coating of the costing 
composition. The suture was allowed to air dry for about 3 

10 minutes/ and the coating process repeated 15 : times, allowing 
each coat to air dry. Th6 coated siuture was examined by 
electron mldrokcbpy 'i'l5ofc) : arid ' the : suturfe was found "to be - 
coated with a uniform coating of bNA-FLGA. Furthermore, the 
costing remained intact even after passihg the suture through 

15 tissue multiple times. 

: 12.1.1 REPAIRING SKELCTAL MUSCLE WITH THE COATED SUTURE 

The suture prepared above Was seWn ihtb the skeletal 
muscle tissue of two normal adult rats with satisfactory 

20 surgical results. The Suttire exhibited good tie-down 

properties. 1 One week lateir, muscle plus sUture wds " 
dissected, snaj? frozen in liquid nitrogen'and ground into a 
powder. The powder was fricubate^d in 200 mL lysis buffer, 
exposed to three freeie-thaw cycles and clarified.* The clear 

25 liquid was assayed for alkaline phosphatase activity using 
standard methods after incubatibh at 65°C. 

-'- ■ •■ . 0- i2.2 RESULTS ? " ' 

The results indicated that rat skeletal muscle sewn with 
30 coat eel' futures &nd *etriev£d aftesr one week exhibited 

alkaline phosphatase activity , ; siignifyihg that the marker 
alkaline phosphatase i^enewas expressed' in the muscle tissue. 
Control retrievals Showed ho significant a Ikaline phosphatase 
activity. These data demdh^trate that emulsions can be used 
35 to effectively coat sutures and deliver genes to 
proliferating' repair' ceils in" vivo. 
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'13. Ei^MPLiE:- TRAkSFfeR OF GENES TO BLOOD-VESSEL 
There is a clinical "need to prevent excessive fibrosis 
(rest nosis) , as, for example/ iaay occur during blood v ssel 
repair following angioplasty i This- might be accomplished,: 
5 for example, by delivery of genes" that code for lysyl oxidase 
inhibitors, or by transfer of genes that code :f or certain u 
TGF-/3s. There is, in addition, a clinical need to -regulate 
angiogenesis, as, for example, in vascular insufficiency 
disorders, where the goal would be to stimulate new vessel 

10 formation in order to prevent tissue hypoxia and cell death. 
A model system has been developed in which repair cells in 
large blood vessels in rabbit are transifected with a . 
preparation of sustained release PLGA^ particles 'and plasmid 
DNA. Repair cells are present because these rabbit blood 

15 vessels harbor a foam cell lesion that mimics clinical 

atherosclerosis in humans. The present example demonstrates 
the ability to "deliver and express marker gene constructs* 
into large blood vessel repair "cells . - i . 



:* c* • .*■..... 



20 . ' ' " " ' 13 . 1 . MATERIALS AMD METHODS 

New Zealand white' rabbits of either-seX, weighing 3.1 to 
3.5kg, were used for this study. Rabbits were anesthetized 
using ketamine (35/mg/Kg) and Xylazirie (5mg/ kg) given 
intramuscularly, and maintenance anesthesia was achieved 'with 

25 intravenous ketamine (8rog/fcg) administered via a marginal 
vein* Approximately 2cm Segments of "both iliac arteries 
between the descending aortic bifurcation' and- inguinal, 
ligament were isolated, tied off proxisnaliy, and all, small 
branches of this arterial segments were lagated. Local 

30 thrombus were prevented bV the eair-mairginal vein ? 
administration of hieparih r ( 100 mg) . Via an iliac 
arteriotomy, a balloon angioplasty Catheter (2 . 0 mm balloo i) 
was introduced into iliac arteric segments and balloon was 
dilated for 1 -minute at 8 atm pressure:* 

35 Following balloon dilatation, the angioplasty catheter 

was removed, 2 0 mg of heparin was injected intra-arterially 
to prevent distal thrombosis. Both ends of iliac artery were 
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tightened with 1.0.0. si-ik, the 5 ; - : mg/*»l DNA-Nanoparticle 
suspension was, infused in each iliac artery over 3 minutes at 
0.5 atm. Th , wound was .sutured,.. *abbit ; s were sacrific d 2 
weeks after th balloon angioplasty and. nanoparticle 
5 delivery.- iThrsugh.-- a -vertical u loyer abdominal incision, both 
iliac arteries were isolated. A. 2 cm segment of iliac artery 
was excised bilaterally, carotid arteries from rabbit was 
taken as a ^control .sample. The tissue was preserved in 
liquid nitrogen fpr alkaline phosphatase assay. 

_ v , .- _ : - v 13 . 2 : . RESULTS .. . .. i . 

The results of the phosphatase, expression assays 
indicated that a nanoparticle plus. DNA formulation was 
capable of delivering nucleic acids to repair cells in the 

15 iliac arteries of adult rabbits, injured, with a ballon 
catheter . Both the right and left iliac arteries were 
positive for phosphatase activity after exposure to 
nanoparticle plus DMA formulations, No phosphatase activity 
was detected in the control aorta. These positive results 

20 indicate upon exposure to a gene , activated matrix repair 

cells in large blood. vessels can .take up and express nucleic 

acid -molecules . *.■ ;>-..^. v - - :x x is * - 

The presentment ion is not to be limited in scope by 

the exemplif ied embodiments, which are. intended as 

25 illustrations of single aspects, of .the invention, and any 
clones/, DNA or amino, acid sequences which, are functionally 
equivalent are within, the scope of the invention. Indeed, 
various modifications pf-. the .invention in addition to those 
skilled in the , art from, the foregoing description and 

30 accompanying .drawings.,, Such modifications are intended to 
fall within the scope of the appended claims. 

It is also to ,be understood that all base pair sizes- 
given: for nucleotides are approximate and are used for 
purposes of description. : ^ ,, ^ _ ,^ 
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WHAT IS CLAIMED IS : " 

1. A method for transferring a DNA molecule containing a 
promoter operably link d to a sequence encoding a gene 
product into a mammalian repair cell; comprising 
applying a biocompatible matrix containing the DNA 
molecule to a wound in the body, so that repair cells 
that migrate to the wound site infiltrate the matrix, 
acquire the DNA molecule, and express the gene product 
encoded by the DNA in vivo. 



10 



2. The method of Claim 1 wherein the biocompatible matrix 
is collagenous, metal, hydroxyapatite , bioglass, 
aluminate, bioceramic materials , pui-if ied proteins or 
extracellular matrix compositions* 

• • ■■' V , , - t- i . .-. : • . ■• ■ « ■ 

15 

3. The method of Claim 1 wherein the biocompatible matrix 
is collagen. 

4. The method of Claim 3 wherein the collagen is type II 

, .'.**■". - ■ ... ... 

20 collagen. 



The method of Claim 1 wherein the transferred DNA 
encodes a therapeutic protein. 



25 6. The method of Claim 1 wherein the transferred DNA 
encodes a growth factor. 

7. The method of Claim 1 wherein the transferred DNA is 
more than one DNA molecule. 



30 

r ' - 

8. The method of Claim 6 wherein the growth factor is 
transforming growth factor-/5eta (TGF-/S) , fibroblast 
growth factor (FGF) , platelet derived growth factor 
(PDGF) , insulin like growth factor (IGF) ,* or Bone 
morphogenic factor (BMP) . 



■ ♦ ; v 



9. The method of Claim 5 wherein the therapeutic protein is 
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a hormone. 



10* The method of Claim 9 wherein the hormone is growth 
hormone ,(GH) . f , r _ 

11. The method of Claim 9 wherein the hormone is human 
. parathyroid hormone (PTH) . 

12. The method of Claim 1, wherein said wound site is a bone 
10 fracture site. 

13. The method of Claim 1, wherein said wound site is a site 
of connective tissue injury. 

15 14. The method of Claim 1, wherein said wound site is a site 
..,.of organ damage. . . ... 

15. A gene activated matrix comprising a biocompatible 
matrix containing a DNA molecule having a promoter 

20 operably linked to a sequence encoding a therapeutic 

protein. 

16. A gene activated matrix comprising a biocompatible 
matrix containing a DNA molecule having a promoter 

25 operably Jinked to a sequence encoding an antisense RNA. 

17. A gene activated matrix comprising a biocompatible 
matrix containing a DNA molecule haying a promoter 
operably linked to a seguence encoding a growth factor. 

30 

18. The gene activated matrix of Claim 17 wherein the growth 
factor is TGF&, FGF, PDGF, IGF, or 6MP. 

< , » ! ■ _ , • - i - ... • -■ - " - 

19. The gene activated ^matrix of 1 Claim 15 wherein ^the matrix 
35 contains more than one DNA molecule. 



20. The gene activated matrix of Claim 16 where the matrix 
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is collagenous, metal, hydroxyapatite, bioglass, 
aluminate, bioc raxnic materials, metal materials, 
purified proteins .or ; extracellular matrix compositions 



5 21 



22 



10 



23 



24 



25 



20 



The gene activated matri-X : of Claim 15 wherein the 

* "■'".* ,t • ■ ■■ . * i* » * . « . *» 

biocompatible matrix fs;* collagen. 



* i *. 



■ . * i' 



The gene kdtivated" matrix of ciaixn^21 ■ ^hferei^>it;he ;ff 
collagen is"- type ^l^'colla^en. . •> ^ '\ v 



A ;kit comprising, ^in^a/sjjitablfe ,cpnta4,xter f > a g£pe. 
activated matrix preparation. * , 



A kit comprising, in a suitable, container, a 
biocompatible^ matrix preparation and : a preparation of 
DNA encoding*?a therapeutic protein. 



A method for preparing a DNA-matri^ composition 
comprising contacting a DNA molecule with a^ 
biocompat ible matr ix so that the ;DNA iis; ^non^covaleht ly 
bound to the rmatrix. V / y 

' r> • - ; "~ . ^ ^ »■« V '■ 
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